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mail, as the Council may prescribe), upon receiving three-fourths of 
the votes cast. Application must be aoompanied by fee and dues as 
provided by Section V. 

E«ach person proposed as an honorary member shall be recom- 
mended by at least ten members, approved by the Council, and elected 
by ballot at a regular meeting, (or by ballot at any time conducted 
through the mail, as tho Council may prescribe), on receiving nine- 
tenths of the votes cast 

IV. 

WITHDRAWAL FROM MEMBERSHIP. 

Upon the recommendation of the Oooncil, any member may be 
stricken from the list and denied the privilege of membership, by the 
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vote of three-fourths of the members present at any regular meeting, 
due notice having been mailed In writing by the Secretary to him. 

V. 

DUBS. 

The membership fee shall be five dollars and the annual dues five 
dollars, and applications for membership must be accompanied by a 
remittance of ten dollars; five dollars for such membership fee and 
five dollars for dues for the first year. Honorary members shall not 
be liable to dues. Any member not in arrears may become a life mem- 
ber by the payment oif fifty dollars at one time, and shall not bo liable 
thereafter to annual dues. Any member in arrears may, at the discre- 
tion of the Council, be deprived of the receipt of publications or be 
stricken from the list of members when in arrears six months; Pro- 
vided, That he may be restored to membership by the Council on the 
payment of all arrears, or by re-election after an interval of three 
years. 

VI. 

OFFICERS. 

There shall be a President, five Vice-Presidents, five Managers, a 
Secretary and a Treasurer, and these Officers shall constitute the 
Council. 

VII. 

TERM OF OFFICE. 

The President, Secretary and Treasurer shall be elected for one 
year, and the Vice-Presidents and Managers for two years, except that 
at the first election two Vice-Presidents and three Managers shall be 
elected for only one year. No President, Vice-President, or Manager 
shall be eligible for immediate re-election to the same office at the 
expiration of the term for which he was elected. The term of office 
shall continue until the adjournment df the meeting at which their 
successors are elected. 

Vacancies in the Council, whether by death, resignation, or the 
failure for one year to attend the Council meetings, or to perform the 
duties of the office, shall be filled by the appointment of the Council, 
and any person so api)ointed shall hold office for the remainder of the 
term for which his predecessor was elected or appointed; Provided, 
That such appointment shall not render him Ineligible at the next 
election. 

vm. 

DUTIE^S OF OFFICERS. 

All the affairs of the Institute shall be managed by the Council 
except the selection of the place of holding regular meetings. 
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The duties of all Officers shall be such as usually pertain to their 
offices, or may be delegated to them by the CouncIL 

The Council may In Its discretion require bonds to be given by the 
Treasurer, and may allow the Secretary such compensation for his ser- 
vices as they deem proper. 

At each annual meeting the Council shall make a report of pro- 
ceedings to the Institute, together with a financial statement 

Five members of the Council shall constitute a quorum; but the 
Council may appoint an executive committee, business may be trans- 
acted at a regularly called meeting of the Council, at which less than 
a quorum is present, subject to the approval at a majority of the Coun- 
cil, Bubsoquently given In writing to the Secretary and recorded by him 
with the minutes. 

There shall be a meeting of the Council at every regular meeting 
of the Institute and at such other times as they determine. 

IX. 

ELECTION OP OFFICERS. 

Any five members not In arrears, may nominate and present to 
the Secretary over their signatures, at least thirty days before the 
annual meeting, the names of such candidates as they may select for 
offices falling under the rules. The Council, or a committee thereof 
duly authorized for the purpose, may* also make similar nominations. 
The assent of the nominees shall have been secured in all cases. 

No less than two weeks prior to the annual meeting, the Secretary 
shall mail to all members not in arrears a list of all nominations made 
and the number of officers to be voted for In the form of a letter ballot 
Each member may vote either by striking from or adding to the nanios 
upon the list leaving names not exceeding in number the officers to 
be elected, or by preparing a new list, signing the ballot with his name, 
and either mailing It to the Secretary, or presenting It in person at the 
annual meeting. 

In case nominations are not made thirty days prior to the date of 
the annual meeting for all the offices becoming vacant under the rules, 
nominations for such offices may be made at the said meeting by five 
menibt^rs, not in arrears, and an election held by a written or printed 
ballot 

The ballots In either case shall be received and examined by three 
tellers appointed at the annual meeting by the presiding officer; and 
the persons who shall have received the greatest number of votes for 
the several offices shall be declared elected. The ballot shall be 
destroyed, and a list of the elected officers, certified by the tellers, 
snail be preserved by the Secretary. 



MBBTINOS. i 

The annual meeting of the Institute shall be held at such time as 
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may be designated by the Council. The Institute may at a regular 
meeting select the place for holding the next regular meeting. If no 
piace is selected by the Institute it shall be done by the Council. 

Special meetings may be called whenever the Council may see fit; 
and the Secretary shall call a special meeting at the written request of 
twenty or more members. No other business shall be transacted at a 
special meeting than that for which it was called. 

Notices of all meetings shall be mailed to all members at least 
thirty days in advance, with a statement of the business to be trans- 
acted, papers to be read, topics for discussion and excursions proposed. 

No vote shall be taken at any meeting on any question not per- 
taining to the business of conducting the Institute. 

Every question that shall properly come before any meeting of 
the Institute, shall be decided, unless otherwise provided for in these 
rules, by the votes of a majority of the members then present. 

Any member may introduce a stranger to any regular meeting; 
but the latter shall not take part in the proceedings without the con- 
sent of the meeting. 

XI. 

PAPERS AND PUBUCATIONS. 

Any member may read a paper at any regular meeting of the 
Institute, provided the same shall have been submitted to and approved 
by the Council, or a committee duly authorized by it for that purpose 
prior to such meeting. All papers shall become the property of the 
Institute on their acceptance, and, with the discussion thereon, shall 
subsequently be published for distribution. The number, form and dis- 
tribution of all publications shall be under the control of the Council. 

The Institute is not, as a body, responsible for the statements of 
facts or opinion advanced inr papers or discussions at its meetings, and 
it is understood, that papers and discussions should not include person- 
alities, or matters relating to politics, or purely to trade. 

XII. 

AMENDMENTS. 

These rules may be amended by a two-thirds vote taken by letter 
ballot in the same manner as Is provided for the election of officers 
by letter ballot; Provided, That written notice of the proiwsed amend- 
ment shall have been given at a previous meeting. 
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THE THIRTEENTH ANNUAL MEETING. 



The thirteenth annual meeting of the Institute was origin- 
ally jilanned for July a4th to 27ih, 1907, and all arrangements 
were made accordingly, A few days prior to tlie meeting, 
however, the tabor troubles, which then existed at certain 
poinis to the district assumed a somewhat threatening aspect^ 
causing some of the mines to close down and it was decided 
to postpone tlie meeting and arrangements were cancelled. 
While the situation very soon changed and work on the docks 
and at the mines was again resumed, it was nevertheless still 
thought ad\n5able by the committee in charge to defer the 
meeting until 1908. Jn May of this year, Mn T. F. Cole, pres- 
ident of the Institute and the members in the Minnesota Dis- 
trict, again planned for the meeting and it was decided to hold 
the Thirteenth Annual Meeting June 24th to 27th, 1908. 

Much credit is due to the different committees for their cf- 
fvirtj* in the arrangement of the trip. The train schedule was 
carried out as planned without loss of time and for the greatest 
comfort of the party. The meeting will be long reinembered 
and is spoken of as the best in the history of the Institute. The 
pleasant weather throughout the trip added greatly to the 
comfort and pleasure of the occasioo* 

The programme, prepared by Mr, D. E. Woodbridge. and 
issued by the Committee on Arrangements, covering the trip 
to the ranges contains much valuable information about the 
mines, which will be of general interest to the members and 
the same is published herewith* Only such parts as the anal- 
ysis of ore from the various Lake Superior District, which are 
ehangeabte, are omitted. 

Following is the list of the different eommittees: 
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Arrangement Committee. 

WILLIAM J. OLCOTT, Chairman. 
William C. Agnew Charles Trezona, 

Pentecost Mitchell, Joseph Sellwood, 

C. T. Fairbaim, W. W. Walker. 
Dwlght E. Woodbridge. 

Transportation Committee. 

W. A. McGONAGLE. Chairman. 
F. E. House, Thomas Owens» 

D. M. Philbln, J. W. Kreltter. 

Entertainment Committee. 

JOHN H. McLEAN. Chairman. 
J. S. Lutes, G. G. Hartley, 

Chas. A. Duncan, Wm. J. West. 

ITINERARY TO THE MINNESOTA IRON RANGES, LOCAL 
EXCURSIONS, ETC. 

The headquarters of the Institute and bureau of information will 
bo at the Spalding Hotel. On arrival, members and their guests will 
pleose register at headquarters, receive assignments of accommoda- 
tions for trip to ranges, etc. On account of both state and interstate 
laws regulating railroad transportation, it will be necessary for all 
those participating in tWs trip to pay the regular railway fare of two 
cents per mile, excepting such as have, under the law, free transporta- 
tion on these Minnesota roads. Eight meals will be served in dining 
cars en route, and for these tickets will be -provided, to be bought by 
members and guests at about cost per meal. Such tickets should be 
secured prior to departure from Duluth. 

Wednesday, June Twenty-fourth. 

No special program has been arranged for Wednesday. For the 
accommodation of such members as may be in Duluth in time to take 
advantage of it, the privilege of the various clubs of the city has been 
offered. These include the Kitchi Gammi, Commercial, Northland 
Country, Duluth Boat and Duluth Yacht clubs. All these clubs have 
cafes. The golf links are at the Northland Country club, and sail boats 
or launches may be engaged at the Boat or Yacht club. Tickets to the 
various clubs may be had on application. 

During Wednesday and Saturday, time not otherwise occupied may 
be profitably spent in an inspection of various industries in and near 
the city. The transformer station of the Great Northern Power Co., at 
15th Avenue West, the Zenith furnace and the ore docks of the Duluth, 
Missabe & Northern railroad, may all be reached easily by street cars 
running to West Duluth. The main power station of the Great North- 
ern Power company, at Fond du Lac, can be reached via the Northern 
Pacific road. In the wholesale districts, on Lake and Fifth avenues, 
are some of the largest wholesale hardware and other wholesaling and 
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manufacturing houses In the world. On First street and Third Avenue 
West is the Wolvin building, general offices of the mining companies 
and railroads of the United States Steel corporation; and the Duluth 
Board of Trade and the new Y. M. C. A. building, the latter represent- 
ing an investment of more than $225,000, are across the street The 
aerial bridge, the only structure of its kind In the United States, and 
carrying a car on a truss elevated 140 feet. Is on Lake avenue. The 
l>ou1cvard drive. lunnlng behind and above the city, at an elevation of 
480 feet and utilizing for its roadway the glacial beach of Lake Supe- 
rior. Is, with its adjacent and connecting parks, well worth a visit. 

There will be an informal smoker and receiition for members of 
the Institute and their guc9ts at the club house of the Northland 
Country club at 8 o'clock p. m. The club may be reache<I by lakeside 
cars that pass the Spalding Hotel, going east, at 7:40, 8:00 and 8:20 p. 
m. Hoturning cars will pass the club at an hour that will be an- 
nounced. 

Sleeping cars for the trip to the ranges will be ready for occupancy 
at the Union station at 6:30 p. m. Intending passengers may find K 
convenient to place their baggage aboard the train early, and then go 
direct to the Country club for the evening. 

Thursday, June Twenty 4lfth. 

I^ave Duluth, Union Station 1:00 a. m. 

Arrive Ely 5:30 a, m. 

Visit ('handler. Pioneer. Zenith, Savoy and Sibley mines; at the 
I lonoor there will be opportunity for a brief trip underground. 

These mines are all operated by the Oliver Iron Mining Co.. and 
last year produced a total of 1,582.290 tons. The underground haulage 
system of the Pioneer, the various steel shafts and shafthousos. and 
the hoisting plants here are all of more than passing Interest. This 
*'Ely trough" has produced, since 1888. 18.631,606 tons of ore. 

l^ave Ely 11:00 a, m. 

Arrive Soudan 12:00 noon. 

Visit Minnesota mine. This property is operated by the Oliver 
Iron Mining comiKUiy. and was what led to the construction of the 
Duluth & Iron Range railway. Last year it mined a total of 102.977 
tons, or 1.24 per cent of the tonnage of that road. One of the most 
picturesque scenes to be found in the northwest is the view of I^ko 
Vermilion to be had from the summit of the hill near the mine 
buildings. 

Ix>ave Soudan 1:00 p.m. 

Arrive Biwa^ik (Mesabi Range) 2:30 p. m. 

Visit Biwabik mine. This property Is operated by the Biwabik 
Mining Co.. and was one of the first to ship from tiie Mesabi range, and 
was notable in the early days of the district by reason of the boldness 
of the plans for stripping, the rapid growth of its production and the 
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excellent character of its ore. The yardage of overburden taken from 
this mine to date is about 4,500,000, and there have been mined to 
May, 1908, 8,212,967 tons. 

Leave Biwabik 3:00 p. m. 

Arrive Eveleth 3 : 45 p. m. 

Visit Fayal, Adams and Spruce mines. These properties are oper- 
ated by the Oliver Iron Mining Co., and last year produced as follows: 
Fayal, 1,878,812 tons; Adams-Spruoe, 1,746,970. At these mines the 
various methods of mining used on the Mesabi may be seen, and from 
their surface 9,725,000 yards of overburden have been removed. This 
portion of the Mesabi was developed for the first shipments in 1895. 

At Eveleth the trains will be transferred to the Duluth, Missabe & 
Northern tracks and will 

Leave Eveleth 6:30 p. m. 

Arrive Virginia 7:15 p.m. 

There will be a business session of the Institute at the Roosevelt 
High School hall, Virginia, at 8:15 o'clock this evening. 

Friday June Twenty-sixth. 

A portion of the morning will be spent in visiting the Oliver Nor- 
man, Ohio, Lincoln Franklin, and other mines. The Oliver is a state 
lease (returning 25 cents per ton to the public schools of the state) 
operated by the Oliver company; the Oh|o is also mined by that com- 
pany; the Lincoln is operated by the Interstate Iron Co. (Jones & 
Laughlins Steel Co.), the Franklin group by the Republic Iron & Steel 
Co., the Commodore by Corrigan, McKinney & Co. The Oliver group 
is under extensive development and there has been removed from the 
properties of the group a total of 2,550,000 yards of overburden. 

Leave Virginia 10:00 a. hl 

Arrive Mountain Iron 10: 45 a. m. 

Visit the Mountain Iron mine. This is operated by the Oliver com- 
pany and has shipped in two consecutive years a total of more than 
5,000.000 tons, and in all to this date 16,992,173 tons. It was the first 
property to be taken by the Carnegie-Oliver coalition of some years 
ago, and thus, with the Oliver mine, formed the basis of the Oliver 
Mining Co. Stripping to the total amount of 4,825,000 yards has been 
taken off this ore body. 

Leave Mountain Iron 11:45 a. m. 

Arrive Monroe — Tener mines 12:45 p. m. 

These mines have been opened on a very large and comprehensive 
scale, and are excellent examples of stripping and milling properties. 
A total of 3,875,000 yards of earth has been removed in the past three 
years. 

Leave Monroe — Tener mines 1:30 p. m. 

Arrive Hibbing 2:00 p. m. 
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The remainder of the day wHI be passed io visits to various mines 
of the district. Hibbing is almost surrounded by mines, indeed a large 
portion of the town lies over ore. and the Sellers Is now stripping into 
the town from the east side. The iron bearing formation and deposit 
here is not far from two miles wide, and very productive, the imme- 
diato vicinity containing many hundred million tons. Notable mines 
here are the Burt, Sellers, Hull. Rust, Mahoning. Morris. Hartley, and 
others. From the Burt and Hull-Rust 8.400.000 yards of surface have 
been moved and they have shipped 9.405.000 tons of ore. Mahoning is 
strHiped in such a manner that passenger trains can be taken into and 
through the mine itself, a somewhat unique fact. This mine is operated 
by the Mahoning Iron & Steel Co.. and the fee is owned by the Great 
Northern railway, and a total of 3,600.000 yards of overbunlen has been 
removed therefrom. 

There will be a business session of the Institute at the Hibbing 
High school at 8:15 p. m. 

Saturday, June Twenty-seventh. 

Leave Hibbing 1:00 a.m. 

Arrive Coleraine 6:00 a. ni. 

This Is the scene of the vast operations of the Oliver Iron Mining 
Co. in the development of sandy ores of the district that can be con- 
centrated into merchantable ores by a washing process, and an exper- 
imental washery is in operation on the shores of Trout Lake. The 
stripping development here is worthy of especial note, not only for its 
magnitude, both in extent of area and depth of overburden to be 
moved, but in the labor-saving methods utilized and in the amount of 
earth removed month by month. Overburden so far removed amounts 
to 2,475,000 yards, and from the near-by Holman mine l.COO.OOO yards. 
The town of Coleraine is owned by the company and a most successful 
attempt is being made to build up here a model dwelling place in which 
there shall be comforts and conveniences, and inducements for the best 
class of residents to become permanent citizens. Large sums are being 
8|>ent and able minds arc directing matters towards this end. 

Leave Coleraine 12:00 noon. 

Arrive Duluth 4:00 p.m. 
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MINIsIESOTA STEEL COMPANY. 

Recently the Minnesota Steel Company has been organ- 
ized to erect blast furnaces and a steel works and finishing 
mills at Duluth under the ownership of the United States 
Steel Corporation. The company has proceeded with its plans, 
has bought property giving it nearly three miles of deep 
water frontage on Duluth harbor, and containing some 1,500 
acres, has made surveys, has organized a railway company to 
construct a belt line connecting the works with all lines of 
railroads running into Duluth and Superior, has bought large 
property holdings for railway yards and distributing docks, 
etc., has organized a company for constnicting a bridge across 
the St. Louis river and secured the right to bridge the chan- 
nel, and is now perfecting the plans for its equipment and 
surveying the route of its belt lines. Large sums have been 
set aside for carrying out this important project, and it is 
probable the works will ultimately be of great magnitude and 
of the utmost importance to the city and the northwest. It 
may be said that this is the most ambitious and well-founded 
plan for the manufacture of steel and its products that has 
ever been considered for the northwest. Initial construction 
will include the following: Two 500-ton blast furnaces; 7 60- 
ton open hearth furnaccss; 160 by-product coke ovens; i 40- 
inch blooming mill; i 28 and i 18-inch finishing mill; i com- 
bination finishing mill, comprising a continuous 16-inch rough- 
ing mill with II and 8-inch finishing mills; a pumping plant 
of 40,000,000 gallons capacity ; a power plant of approximately 
8,000 kw., and the necessary machine shops, forges, foundries, 
etc. with a village of about 100 dwellings, all to gost approxi-. 
mately $11,000,000. 
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GREAT NORTHERN POWER CO. 

The Great Northern Power Company is now delivering 
electric power from its hydro-electric station on the St. Louis 
river to various industries and public utilities in Duluth and 
Superior. The present installation consists of three 10,000 
h.p. j^nerating units oixrrating under 375 feet of fall and 
furnishes power for the lighting and street railways of IxHh 
cities, for pumping the Dulutli water supply, for operating the 
unloading and conveying machinery of coal docks and grain 
elevators, for electrolytic processes and ior driving the motors 
of various industries. The installation will l>e increased ulti- 
mately to 80,000 horse power and storage reservoirs will be 
constructed of sufficient capacity to make an ample water su|>- 
ply continuously available at all times and seasons. To insure 
reliability, continuity and economy of i)ower service, the e(iui|>- 
ment and construction has been made t\i)ical of the highest 
state of the art. 

The power market within a commercial radius of trans- 
mission includes Duluth, Superior. St. Paul, MinncaiK)lis, and 
the Mesabi. Vennilion and Gogebic iron ranges. The exten- 
sive use of this power in one or more of these iron ranges is 
confidently ex|)ected in the near future on account of the prox- 
imity of this large water iH>wer development and the many 
advantages of electric iK)wer for mining work. 

ZENITH FURNACE. 

This is the pro|)erty of the Zenith Furnace Company: it 
includes a stack 79' 6", with lK>sh 16' 6" and cnicible iT 6"; 
has three Gordon stoves 6o'xi6 and one lamond 20x85. and 
has a daily capacity of 225 tons of pig iron. The slag is gran- 
ulated and sluiced to fill dock space. It has a by-proiluct coke 
oven plant of 50 Otto-Hoffman by-pnxluct ovens. The cafKic- 
ity of these is : Coal coked 350 tons daily ; coke produced — 250 
tons daily; and the daily prmluct includes 400 gallons tar, 10,- 
000 |K>unds concentrated ammonia, 20 [kt cent. N. H. 3, 
1,250,000 cubic feet illuminating gas of 18 candle i)owcr ar^ 
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produced daily. It has an auxiliary carburetted water gas 
plant of 2,000,000 cubic feet daily capacity, to supply gas when 
furnace is idle. The cities of Duluth and Superior have con- 
tracted for the daily product of oven gas, for a term of ten 
years. The docks of the company are fully equipped for 
handling and storing a large tonnage of coal. Complete dock, 
1,200 feet long by 350 feet wide. A slip 150 feet wide is 
dredged 3,000 feet in length to a depth of 21 feet. Available 
dockage room on the company's property is extension of com- 
pleted dock 2,000 feet additional length and 3,000 feet by 500 
feet of dock room on the otlier side of the present dredge slip. 
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THE IRON RANGES OF MINNESOTA. 

There are two distinct producing iron ranges in Minne- 
sota, the VenniUon and Mesabi. In trend they are approxi- 
mately parallel (E. N. E. and W. S. W.) and about 15 miles 
apart. On the west lx>th ranges disappear beneath heavy 
drift and on the east extend into Canada, the so-called Gun- 
flint range near the international boundary being an eastward 
continuation of the Mesabi formation. This latter range is of 
no economic importance, however, at present. The recently 
discovered Cuyuna rang^ has as yet no producing mines. 

The first mention of iron bearing formation in this district 
is by Norwood in 1852, but it was not until 1875 that we 
have any record of work being done to establish the economic 
value of the district. In this year Prof. .\. H. Qiester exam- 
ined the Mesabi range from Embarrass lake eastward to Birch 
lake. In the greater portion of the district examined by Prof. 
Chester the formation is highly, magnetic and has never pro- 
duceil bodies of merchantable ore. Shortly after attention was 
almost wholly diverted from the Mesabi by the discovery of 
ore on the Vermilion range. 

In the early 8o's, Mr. Geo. C. Stone having succeeded in 
interesting Mr. Charlemange Tower in the ore deposists on 
the Veniiilion range near Tower, docks were built at Two 
Harbors and the Duluth and Iron Range railnxid built to 
Tower. The first shipment of ore was made in 1884. In 1886 
the whole proi^erty, including mines, railroad, docks and land 
grant was sold to the Minnesota Iron Company and later, on 
the organization of the U. S. Steel Corporation, became a part 
of the holdings of that corporation. The first mine to be dcvel- 
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oped near Ely, 21 miles east of Tower, was the Chandler, 
which began shipping in the fall of 1887. Since then the 
Pioneer, Zenith, Savoy and Sibley have been opened in what 
is known as the Ely trough. This entire group is controlled' by 
the United States Steel Corporation. 

On the Mesabi range ore was discovered in the fall of 1890 
near the present Mountain Iron mine by the Messrs. Merritt 
of Duluth, and in the fall of the following year on the Biwabik 
property by the same parties. Since these discoveries the de- 
velopment of this range has been phenomenal. By the end of 
1893 three railways, the Duluth & Iron Range, Duluth, Mis- 
sabe & Northern, and Eastern Railway of Minnesota (Great 
Northern system) connected the mines with ore docks at Two 
Harbors, Duluth and Superior. 

In 1907, ninety mines on the Mesabi range shipped 27,492,- 
949 tons of ore, as against 12,990,708 tons shipped from 
eighty-three mines on the Gogebic, Marquette and Menominee 
ranges. 

VERMILION RANGE. 

The Vemiilion range extends from the vicinity of Tower 
to and beyond the international boundary, crossing into Can- 
ada at the eastern end of Hunter's Island. Merchantable 
bodies of ore have been discovered at but two localities along 
this extent, at Tower and at Ely, twenty-one miles east. 

The iron bearing formation of this range occupies the 
lowest i)osition geologically of any of the Lake Sui)erior iron 
formations, being placed by Van Hise and Clements in the 
Archean as shown from the following succession: 

(Intrusive. Granites, granite porphyries, 
dolerites, and lamprophyres. 
.-.,.,^ ^ . Knife Lake slates. 

/ Agawa formation (iron bearing). 
\ Ogishke conglomerate. 

(Unconformity.) 
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Intrusive granites, granite-porphyries, 
and some greenstones. 
* I ) Soudan format i<^n (the iron-l)earing for- 

mation). (Minor unconformity). 
Ely greenstone, an elHpsoidally jKirted 
l)asic igneous and largely vcilcanic rock. 

The ores of the Veniiilion series occur in the Soudan for- 
mation (the Agawa iron l)earing rocks are not of commercial 
im|x>rtance). 

At the Minnesota mine the ore is a dense hard hematite 
(xrcurring in irregular connectwl and disconnected Icnse shaiK'<l 
Ixnlies in the jasper, which is intricately infolded in the spher- 
oidal greenstone or green schists, socalled on account of a 
characteristic spheroidal parting. The strike is alnnit cast 
and west and the dip approximately vertical with a westerly 
pitch. The underground workings at this mine arc some 
4.5(X> feet in extent east and west, and over i.5cx> feet in depth. 
The stnicture here is prohahly the mi>st complex in the I^ike 
Sui>erior iron districts. Above the iron l)earing formation, 
geologically, comes the basal conglomerate (.)f the Lower 
Huronian carrjing large Inuilders and masses of the iron l»ear- 
ing rocks. 

The ores at Ely differ from the preceding, mainly in their 
physical stnicture, being much more broken and friable. The 
area in which they lie is a double ended trough alxuit two 
miles in length east and west and some 1,500 feet in width. 
The general dip is nearly vertical and the pitch of the ore 
iKxlies at the west end of the trough is to the east while the 
pitch of those at the east end is to the west. The iron fonna- 
tion here, as at the Minnes(rta mine, lies in a trough of the 
wilder spheroidal greenstone, but the folding is not so close. 
The geological succession is the same as alK>ve given. Intru- 
sive masses and dikes of granitic poq)hyr)' and basic eruptives 
cut the whole series. 
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MESABI RANGE. 

The Mesabi range extends' continuously from near Grand 
Rapids on the Mississippi river E. N. E. for a distance of 
about 90 miles to near Birch lake, where it is covered by the 
large gabbro flow which forms the base of the Keweenawan 
series. The same formation (Mesabi) appears again near Gun- 
flint lake on the international boundary and shows as far east 
as Thunder bay on the north shore of Lake Superior. Be- 
tween Mesabi station, on the D. & I. R. Ry., and Birch lake 
the formation consists of alternate thin layers of chert and 
magnetic ore, but although considerable exploration work has 
been done, there is no evidence of concentration of ore in 
workable bodies in this area. Dr. Leith accounts for the 
change of ore to a magnetite by the action of the heavy flow 
of gabbro which is here in close proximity to the iron forma- 
tion. The Gunflint beds are thin alternating layers of chert and 
hematite. All the workable deposits, at present known, on 
the Mesabi lie between Mesabi station and Grand Rapids, the 
greater numl:)er being in St. Louis county. 

The geological succession as given by Van Hise and Leith 
is as follows : 

/ Virginia slate (upper slate formation). 
Upper Huronian. ) ^^^Y^^^^^ formation (iron-bearing forma- 

( Atesabi Series ^ i 

^ '^ I Pokegama formation (quartzite and 

\ quartz-slate formation). 
(Unconformity.) 

Granite, intrusive in lower formations. 

Slate-graywacke-conglomerate formation 
Lower Huronian. ^ (equivalent to the Ogishke and Knife 
lake fomiations of the Vermilion dis- 
trict). 

(Unconformity.) 

Basement Complex j ^7"'*°"'^' /"'^•f '"& , basalts diorites 
- , . ^ { diabases, etc., hornblende-schists, and 
01 Archean. f porphyritic granites and rhyolitcs. 
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The north edge of the range was easily determined as 
ex|x>siires of the older rocks are fairly numerous; the south 
edge, or more properly the north edge of the overlying black 
slates, was determined by drill work entirely, as there are no 
exiK)Sures of this slate. 

The iron fonnation is flat-lying with a slight average dip 
to the south, although local high dips occur. In this respect it 
differs from all other districts in the Lake Superior region. 

The great bulk of the iron formation is ferruginous chert 
more or less amphibolitic. calcareous or sideritic and gray, 
red. yellow, brown, or green with bands or shoots of iron ore. 
It is analagous to the jaspers of the other iron ranges. 

A few thin beds of slate occur in the formation. 

It may be said that the ore bodies in general lie with their 
longer axes in the direction of the trend of the formation, 
although they are exceedingly irregular in outline. The transi- 
tion between the rich ore and the taconite (local term for the 
ferruginous chert of the ore formation) is usually very abrupt, 
and the original l)edding can be plainly distingfuished running 
through the ore. One lx>dy of ore is known to have a con- 
tinuous extension of over two and a half miles and an average 
width of about one-half miles and to be several hundred feet 
thick in places. These flat-lying ore Ixxlies vary in thickness 
from a few feet to over 500 feet, and a large majority occur 
just beneath the drift, although some have a jasper capping. 
The surface or overburden varies from practically nothing to 
some JOG feet. i)erhaps an average would lie between 60 and 
80 feet. 

The ores of the Mesabi are red, brown and yellow hem- 
atites and linionites, more or less hydrated. and are secondary 
replacements or enrichments of the jasper. They are sup- 
pose<l to l)e mainly derived from the silicates of iron, which 
are abundant in the rocks of the iron formation, and to a less 
degree from siderite. In physical stnicture they vary from a 
fairly compact phase to earthy or •iH)wdery phases, and are 
compiir«itively high in moisture. At the west ^nU oi the rang^ 
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the ores are more or less "sandy," a condition evidently result- 
ing from the decomposition of the cherty layers in the banded 
iron and chert. 

In 1907 Minnesota furnished 55 per cent, of the total iron 
ore produced in the United States and 683^ per cent, of the 
Lake Superior ouljxit, the total product of the state to the end 
of the latter year being 177,020,984 tons. 

MINING METHODS. 

The mining methods employed on the Vermilion range 
are, at Ely, the caving system, and at Tower, longitudinal back 
sloping. 

On the Mesabi the following methods are used : Open pit 
steam shovel; open pit milling; open pit milling steam shovel; 
slicing; square set, and slicing and caving combined. 

THE CUYUNA RANGE. 

The Cuyuna iron range, which lies in the vicinity of Deer- 
wood, 80 miles west of Duluth, near the Northern Pacific rail- 
way, is the most recently discovered in Minnesota. Mr. Cuy- 
Icr Adams' attention was attracted to magnetic variations in 
that vicinity a number of years ago, and after detailed mag- 
netic work, he, in 1904, started drilling near Deerwood, with 
the result that it was demonstrated that an iron formation 
exists in that vicinity. Since this time considerable drilling 
has been done, and shafts sunk by Pickands-Mather Company 
and by the Rogers-Brown Ore Company. No mines have yet 
been oi)ened on this range. 

The surface is rolling, dotted with glacial lakes, and the 
glacial drift is very heavy, in places a thickness of over 300 
feet of this material occurring above the rock formation. 
There are few rock exposures in the immediate vicinity, prac- 
tically the only indications of the iron formation being the 
lines of magnetic attraction mentioned above. 

The diamond drilling seems to have proved that the rock 
succession here, from the base upward, is, ist, either a quart- 
site or greenstone; 2nd, a series of iron slates containing the 
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ore in comparatively narrow belts or lenses: 3r(l, chlorite 
slates, ami 4lh, either drift or cretaceous material. This whole 
series is apparently cut by greenstones and granite rock. 

The rcKks are folded, the drilling showing that they have 
a practically vertical dip. There are several nearly parallel 
lines of magnetic attraction in this district; whether this rep- 
resents the same formation brought up by reflated folding, 
or several different fonnations has not been determine<l, 
though it is probably the former. 
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RAILROADS. 



DULUTH & IRON RANGE RAILROAD. 

The Duluth & Iron Range railroad was built from Two 
Harbors to the Vermilion range at Tower, a distance of 67.6 
miles, in 1884, and extended to Ely, 21 miles east of Tower, in 
1888. It was built into Duluth in 1886, and branches were ex- 
tended from its mainline to the Mesabi mines in 1892 and 1893. 
The original grades on this road are very steep, going north, 
and in the thirteen miles from Two Harbors to Highland there 
is a rise of 11 50 feet. A new line between these points has 
been built with an increase of three miles in distance and with 
maximum grades of i per cent. 

DULUTH, MISSABE & NORTHERN RAILWAY. 

The Duluth, Missabe & Northern railway was constnicted 
from Stony Brook to Mountain Iron, a distance of 48.62 
miles, in 1892. The Biwabik branch from Iron Junction to 
Biwabik, a distance of 15.54 miles, was constructed in 1892. 
The Superior branch from Wolf to Hibbing, a distance of 
16.06 miles, was constructed in 1893. The Duluth extension 
from Columbia Junction to Duluth, a distance of 29.34 miles, 
was completed in 1893. The Alboni branch from Coleraine 
Junction lo Coleraine, a distance of 53 miles, was constructed 
in 1906. The total main line mileage is 242 miles, of which 
82 miles from Duluth to Hibbing is double tracked. 

The maximum south bound grade against the loads is 0.3 
per cent. The maximum north bound grade against the emp- 
ties is 2.0 per cent., this extending only six miles from the ore 
(locks to the south end of the yard at Proctor. The entire 
main line with the exception of a small part of the Biwabik 
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branch is laid with 80 ixmnd steel rails. The balance of the 
tracks are laid with 80 pound and 60 pound steel rails. 

Seven miles of the double track between the ore docks and 
IV(K'tor is rock ballasted ; the balance of the road is ballasted 
with gravel. 

The shops and classification yards are at Proctor. The 
ore dcxks, the largest in the workl, are at Duluth. 

GREAT NORTHERN RAILWAY UNE— Mesabi Division. 

The Great Northern Railway line acquired what is now its 
Mesabi Division, over which line ore is trans|K)rted from 
Mcsabi range mines to docks at Allouez, Wisconsin, by pur- 
chase of the Duluth, Su|)erior & Western railway (Duluth & 
Winni|x?g) in 1898. At time of purchase this line extended 
from Duluth to Deer river, connecting with the Duluth. 
Mississippi River & Northern railway at Swan river, this 
latter road extending to the mines. In 1898 the purchase of 
the Duluth, Mississippi River & Northern road was effected, 
which gave the (ireat Northeni a line through to Barclay 
Junction (now Giisholm). Minnesota. In 1900 and n^i 
extension was built from Barclay Junction to Virginia, and in 
lyoi and 1902 line was built from Kllis (near Virginia) to a 
|X)int on the old D. S. & W.. known as Brookston now, then 
Stony Br(M>k. In 190 J and 1903 what is now designated .is the 
**South Range Line" was constructed from point near Ilibbing 
(Kelly Lake) to connect with main line a few miles out of 
Virginia (Flanders). 

There has also l)een built a **cut-off" known as the Kelly 
I^ke-rcnnt>y line, nmning from [K^int immediately south or 
east of Kelly Lake to west end of Fennoy, passing track oil 
the Brookston line; length 23.4 miles; ruling grade, east 
i)ound o. I. west Ixnind 0.6. The actual distance from Kelly 
Lake to Fermoy is 24.074 miles. The object of this "cut-off" 
is to make a shorter haul Inrtween the mines and Allouez ore 
docks. 

Allouez to Swan River, 87 miles; Swan River to Chisholm, 
33 miles; Chisholm to Virginia, 18 miles; Ellis to Broofeston, 
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46 miles; South Range line, 11 miles. There is a miiform 
grade of about .04 over entire Mesabi division. 

Shops at Superior, Wisconsin. Ore docks and yards at 
Allouez, Wisconsin, for receiving ore lake end. Large assem- 
bling yard at Kelly Lake, for mine end. 

DATA RELATLNG TO LOADING AND UNLOADING 

IRON ORE. 



AVERAGE AND TOTAL ANNUAL TONNAGE, TIME LOADING 
BOATS, TIME PER 1,000 TONS. D. M. A N. RY. DOCKS. 



Year. 



1895. 
1S9G. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
19u4. 
1905. 
190G. 
1907. 



Average 
Tonnage. 
...1809 
...2214 
...3541 
...3350 
...3803 
...3873 
...4459 
...4814 
...5668 
...5679 
...6037 
...6973 
...7516 



Total 
Tonnage. 
1,598.783 
1,988,932 
2,371,000 
2,635,264 
3.509,965 
3,888,986 
3,437,955 
5,598,408 
5,356,473 
4,649.611 
8,807,559 
11,220,218 
13,445,977 



Time Loading 

Hours. 

4:00 

5:16 

7:40 

8:10 

7:24 

6:31 

5:57 

7:09 

8:47 
10:55 
11:11 
12:47 
10:07 



Time Loading 
Per 1,000 Tons 
Hours. 
2:13 
2:24 
2:10 
2:07 
1:57 
1:43 
1:20 
1:29 
1:33 
1:56 
1:51 
1:50 
1:21 



MAXIMUM DAILY SHIPMENT. 
Year. Date. Tons. 

1904 Sept. 4 62,723 

1905 June 30 86.340 

1906 Sept. 16 112,589 

1907 July 2 126,085 

In 1906. Steamship E. J. Earling loaded 9,277 tons of iron ore in 70 
minutes. 

RECORD OP LOADING STEAMER AUGUSTUS B. WOLVIN. AUG. 5. 
1904, GREAT NORTHERN t)OCKS. 

Boat arrived at dock 2:45 p. m. 

Started to load 4 : 16 p. m. 

Finished loading (about 9,000 tons) 4:50 p. m. 

bhif ted to complete cargo 45 minutes 

I^oading completed (10,245 tons) 5:45 p. m. 

Total time at dock 3 hours 

Total time loading 1:29 

This cargo unloaded at Conneaut in 4 hours and 30 minutes. 
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DATA UELATINO TO ORE CARRYING RAILROADS OF 
NORTHERN MINNESOTA. 




Caiiarity of 

SUndard 

Or« Can 

InTun* 



Stcvl 

ConatnicUon 

GO 



Wood 

Cutwtruciion 

84 



Cons true lion 
60 

Wood 

Conatruction 

36and2& 



Number 

of 
Ore Car* 



8t«el 

CormtrucUon 

8M& 

Wood 

Coniitructkm 

4fiOO 



Construction 
CO 

' IjuvfWfHid 
Construction 
SO 

Small Wood 

Construction 

24 



Rt«4 

Construction 

4456 

of CO tons 

Wood 

Construction 

IfiHTi of X> tons. 

165 of 2& tons. 



Stc«l 
3300 

LanrvWood 
400 

Small Wood 
600 



During tho shipping seaiion of 1907 thi»8o thrcH» roads carrlwl to 
lake ports 27,492.949 tons of on\ During ono month (October) the 
I>ulutb. MIssabe ft Northern alone caiired 2,5u2.255 tons. 
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MAXIMUM CARGO RECORDS. 



YEARLY INDIVIDUAL MAXIMUM CARGO RECORDS. 
Ships Passing Out of Lake Superior. 

Steamers. 







Greatest Amount 








Larffest Single 


of Freiarht 


Greatest Number 


Greatest No. 


YEAR 


carsro 
Net Tons 


Carried 
Net Tons 


of miles run 


of Milo-Tdns. 


1..00.. 


8,463 


1^5,550 


45,318 


154.554.378 


1901.. 


8.222 


161,375 


41,370 


132.822.226 


1902.. 


8,441 


183.270 


45,340 


158.858.138 


1903.. 


8,914 


164,763 


45.330 


158.843.973 


1904.. 


11,536 


177,729 


33,516 


156.410.487 


1905.. 


12,368 


274,401 


41,374 


249,038,472 


1906.. 


13,272 


313,434 


42.986 


249.353.656 


1907.. 


13.800 


339,151 


43.296 


274.863.249 



Sails. 



1900.. 


8,206 


149,091 


30,947 


124.399.966 


1901.. 


8,288 


125,301 


26.424 


99.429,012 


1902.. 


8,485 


250,258 


32,032 


119.437,488 


190;5.. 


8.671 


128.201 


26,569 


114.536.002 


1904.. 


8,736 


117,365 


24,158 


106.643,498 


1905.. 


9,184 


155,772 


31,481 


127.243.648 


1906.. 


8,960 


141,770 


31.575 


126.745,992 


1907.. 


9.408 


152,144 


27.039 


121.205,504 



Names of Vessels Making Above Maximum Records. 



1900.. 


John W.Gates 


Presque Isle 


Troy 


John W.Gates 


1901.. 


\\ . Edenbom 


Presque Isle 


Buffalo 


J. J. Albright 


1902.. 


1. L. Elwood 


W. Edenborn 


Troy 


W. Edenborn 


1903.. 


W. Edenbom 


John W.Gates 


Buffalo 


Bransford 


1904.. 


A. B. Wolvin 


A. B. Wolvin 


Huronic 


A. B. Wolvin 


1;,05.. 


E. H. Gary 


A. B. Wolvin 


Duluth 


A. B. Wolvin 


1906.. 


J. P. Morgan 


E. H. Gary 


E. H. Gary 


E. H. Gary 


1907.. 


J. P. Morgan 


J. P. Morgan 
Madeira 


J. P. Morgan 
Madeira 


A. B. Wolvin 


1900.. 


Madeira 


Madeira 


1901.. 


Manila 


Marsala 


Sirl. L. Bell 


Madeira 


1902.. 


J no. Smeaton 


John Fritz 


Alex. Holly 


Marsala 


1903.. 


Manila 


A. Maitland 


Barge No. 105 


A. Maitland 


19U4.. 


.Ino. Smeaton 


A Maitland 


Maida 


A. Maitland 


1905.. 


.Ino. Smeaton 


Manila 


Marcia 


Jno. Smeaton 


1900.. 


.Ino. Smeaton 


A. Maitland 


W.LroB. Jenny 


Constitution 


1907.. 


.Ino. Smeaton 


Jno. Smeaton 


Jno. Smeaton • 


Jno. Smeaton 



The maximum freight traffic through the canals for a single day 
was on August 26, 1907, when 487.649 tons were passed. The vessel 
passages on this day numbered 121. the aggregate registered tonnage 
Loing 28 1. 385. Total traffic into and out of l^ke Superior for the year 
was .')S,21 7,214 tons, an increase over the year before of 7 per cent, and 
$38.45S.315 were i)aid as freight charges. Of the total tonnage 68 per 
cent, was iron ore. 
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AVEHAC.E FREIGHT RATES ON IRON ORE PER T.ROSS TON 

FROM PORTS NAMED TO OHIO PORTS— TABLE COV- 

BRING WILD AND CONTRACT RATES FOR 

TWENTY YEARS PAST. 













ASHLAND 




ESCANABA 


MARQUETTE 


and other port* at the head 


06 










of lAke Superkir 




Wild or 


Contnct 


Wild or 


Contrmet 


Wild or 1 Contract 




Daily Rate 


RAt« 


Dally Rate 


Rate 


Dally Rate * Rate 


1887 


11.50 


11.40 


11.87 


11.63 


12.23 


12.00 


1888 


1.05 


.90 


1.30 


1.15 


1.42 


1.25 


1889 


1.01 


1.00 


1.19 


1.10 


1.34 1.25 


1890 


.89 


1.10 


1.07 


1.25 


1.17 1.35 


1891 


.84 


.65 


1.02 


.90 


1.11 


1.00 


1892 


.74 


1.00 


.98 


1.15 


1.15 


1.25 


1893 


.56 


.85 


.71 


1.00 


.77 


1.00 


1894 


.46 


.60 


.60 


.80 


.78 


.80 


1895 


.73 


.55 


92. 


.76 


1.13 


.80 


1896 


.52 


.70 


.66 


.95 


.77 : 1.05 


1897 


.45 


.45 


.55 


.65 


.57 


.70 


1898 


.51 


.45 


.60 


.60 


.62 


.60 


1899 


.95 


.50 


1.08 


.60 


1.29H 


.60 


19(M) 


.69 V^ 


1.00 


.78 V4 


1.00 


.84 V^ 


1.25 


1901 


.64 


.60 


.79 


.70 


.89 


.80 


1902 


.59 


.60 


.66 


.70 


.77 


.75 


19o:j 


.61 


.65 


.72 


.75 


.81 


.85 


1904 


.53H 


.55 


.62 


.60 


.70 


.70 


1905 


.61 


.60 


.70 


.70 


.77 


.75 


1906 


.60 


.60 


.70 


.70 


.75 


.75 


1907 


.60 


.60 


.70 


.70 


.75 


.75 



Charge to vessels In 1905 for unloading iron ore was 20 cents ]H^r 
ton. The -wooden vessels that required trimming paid an additional 
charge of about 3 cent« per ton for that service. 

Average ore rates for the entire period of twenty years: Escanabn. 
wild 76 cents, contract 76 cents; Marquette, contract 91 cents, wild 91 
cc*nt8; Ashland and other ports at the head of I^ke Superior, contract 
98 cents, wild $1.03. 

Average for past ten years: Elscanaba. contract 60 cents, wild 62 
cents; Marquette, contract 71 cents, wild 72 cents; Ashland and othiT 
rorts at the bead of i^ke Sui>erior. contract 76 cents, wild 78 cents. 
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MINUTES OF MEETING. 

WEDNESDAY, JUNE 24TH, I908. 

Headciuartcrs for the Institute were established at the 
Spalding Hotel, Duluth, where members and guests were pro- 
vided with programs, badges and assigned accommodations 
for the trip to the ranges. There were about two hundral in 
the party. The afternoon was spent in a visit to the plant of 
tlic (Ireat Xorthem Power Co., at Thompson and other points 
of interest in the city. The Duluth clubs and the Northland 
Country club entertained the members during the afternoon 
and evening until the departure of the trains at one o'clock 
Thursday morning. There uxre two special trains, one made 
up of C, M. & St. P. sleepers and diners and one of private 
cars. Some of the points of interest visited in Duluth are 
descril)ed in the program furnished for the occasion and 
printed in this volume. The brief stay in Duluth was much 
cnjoye<l by the members. 

THURSDAY, JUNE 25TH, I908. 

At 5 130 a. m. the party arrived at Ely on the Vermilion 
range where the Chandler, Pioneer, Zenith, Savoy and Sibley 
mines were visited : leaving there at 1 1 xx) a. m. and stopping 
for a brief visit at the Minnesota mine at Soudan near Tower. 
At this property work was first started as early as 1875, but no 
ore was ship})ed until 1884. This mine has to its credit a total 
shipment to the close of 1907 of 8,153,820 tons. During 1907 
the shipments amounting to only 102,977 tons. 

Ixraving Soudan, the Biwabik, Fayal, Adams and Spntce 
mines on the Mesabi range wffc next vj^itcd, the train leaving 



30 MINUTES OF THE MEETING. 

Eveleth at 6 130 p. m. for Virginia. The members found many 
improvements in the plants at the different mines since the last 
visit of the Institute, due mostly to the plan to standardize the 
buildings and equipment. 

Upon arrival at Virginia at 7:15 p. m. the party was met 
by a committee of citizens who escorted them to the high 
school where the first business session was held. This is a 
beautiful three-story building of which the people of Virginia 
are justly proud, it indicates the thrift and enterprise of its 
citizens in thus providing for the education and welfare of its 
children. 

EVENING SESSION. 

The meeting was called to order by Mr. T. F. Cole, Pres- 
ident. The attendance numbered two hundred and twenty-five 
members and guests. Mr. Cole introduced Mr. Louis M. 
Osbom, who had been delegated by the citizens of Virginia, 
to welcome the members. He spoke, as follows : 

Mr. President and Members of the Lake Superior Mining 
Institute, our guests and fellow citizens: On behalf of our 
little city of 8,000 or 10,000 persons, we welcome you here this 
evening. We feel highly complimented that this most notable 
gathering of practical and scientific mining men should have 
chosen Virginia for one of its most imix)rtant meetings. You 
are all busy men with limited time for this trip. We are glad 
you will be with us until ten o'clock tomorrow, and trust that 
you as a body, and also as individuals, will soon spend more 
time among us. 

For those of you who have not been here before, it miglit 
not be amiss to say that you are now in the Roosevelt High 
school, almost directly in the center of the city. Four blocks 
to the north is the north limit, and the south boundary of the 
settled portion is seven blocks distant. Your trains are just four 
blocks to the east, with many active mines just beyond. From 
any portion of the city, this building will act as a guide post. 
Being the geographical center of St. Louis county and of the 
iron ranges, our four railroads make us the railroad center as 
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well, and give us direct communication with Canada, and all 
points east, west and south. Our sister cities depend almost 
entirely upon their minerals. We have, in addition to many 
mines, three saw mills, the largest one having been built last 
summer at a cost of about a quarter of a million dollars. The 
oldest built, as you may have noticed, is now being remodeled 
for the purpose of cutting some 30,000,000 feet of timber for 
the Oliver Iron Mining Company. In spite of hard times, we 
are still growing. A new addition, platted about a year ago, 
has been entirely sold and half of the lots have already been 
built on. Uncle Sam has also been good to us. A few days 
ago free mail delivery was established here and congress has 
recently appropriated $60,000.00 for a federal building — the 
first cit)' on these ranges to be so favored. \Vc arc now vigor- 
ously discussing where it should be built. We hope soon to 
have a city park — the first one in these mining towns — and 
pleasure boats on our two lakes, and when you next visit us, 
which we trust will be soon, you may hardly recognize Vir- 
ginia. 

Gentlemen, to Virginia now, and at all times, you arc wel- 
come, doubly welcome. 

Mr. W. J. Olcott, of l^luth, Vice-President of the Oliver 
Iron Mining Co., responded to the address of welcome, as 
follows : 

Mr. President, Mr. Osbom, Members of the Lake Superior 
Mining Institute and friends all : This world is one continual 
surprise ; when I came here today I had no idea that I should 
be called from such a number more able to respond. Mining 
men, from the nature of their business, are operators. Many 
have been connected with large corporations, called closed cor- 
porations, told to say little or nothing and that the lawyer 
should do the talking; it is embarrassing, therefore, to be called 
upon with such short notice. We, however, feel such regard 
for the President of the Institute and our Company that when 
he asks us to do a things we do it cheerfully and to the best of 
our ability. • 
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; . We appreciate, as members of the Institute, the cordial wel- 

come given by the people of Virginia. We appreciate also and 
congratulate you on the fact, that you have such a beautiful 
building to offer us in which to hold our meeting. I remember 
my first visit to Virginia in 1892, when there was only 
one small log building here and that was on the hill near the 
Missabe Mountain mine. Some people reported, before I 
made the trip, that the ore on the Missabe range was no good 
and would never be merchantable. However, I went on horse- 
back from Mesaba station on the Duluth & Iron Range 
through to Hibbing, took my own samples from test-pits and 
found high-grade ore. Since then the territory around Vir- 
ginia has been quite thoroughly explored and has developed 
deposits of ore that will last for many years. Unfortunately 
it is high in phosphorus, but it is a question of only a few years 
when the furnace people will have sufficient open-hearth plants 
to successfully handle this character of ore. When that time 
arrives Virginia will double in size and this building will be 
supplanted with other buildings to accommodate the children, 
which, I presume, you will have to fill them. 

I just returned from a visit across the water and am glad 
to ]yG able to say tliat during my twenty-five years in the min- 

; ing business I have known and become associated with many 

classes of men and I think the Cornish people deserve the 

■ . greatest credit for the progress made in mining in the Lake 

Sui)erior region. They came from a country of sturdy man- 
hood to our hard northern climate, encountered the dangers of 
pioneer mining and we owe more to them than any other race. 
I have heard these men tell Cornish tales, both amusing and 
interesting; heard them tell of the towns from which they 
came, their people and their friends, and no one can imagine 
the pleasure it gave me to go to the Levant mine, the big mine 
under the sea ; to visit Penzance, Truro, Cambofne and other 
towns. Cambome is the place from which many of our great- 
est mining men have come. I had the pleasure of going to the 
home where the Trezona brothers were brought up and it is a 
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{jTcat credit to this country that these men have been so suc- 
cessful. It was a pleasure io go there and meet their family 
and receive such a cordial, reception. I also had the pleasure 
of ^nln^r to Liskeard, where Captain Goldsworthy was brought 
up. and going to the nunc where he worked. These are only 
two of many examples that could l)e cited. There was no part 
of the trip through Italy. France, Switzerland, Germany and 
]*jiglan<l that I appreciated more than traveling through the 
mining district of Cornwall. To be sure, I did not sec many 
IKHuts to l)e gathered in the way of improvement in mining 
meth<Kls or ecjuiimient. Most of these mines are worked out 
or alKuuloned ; those now working are operated under the most 
unfavorable conditions. They are hoisting at the Dolcoath 
mine from a depth of 3.000 feet, with one-ton skip. To dump 
these it is necessary to unlatch the door in the bottom and then 
latch it again by hand before lowering. It takes ten minutes 
to make a hoist and it takes two and a half to three hours to 
get the men out of the mine ; they say four men get in the cage 
going down and six crowd in coming up. However, these arc 
the mines where the start was made in mining, and the men 
who came over here, although they brouglit their homely ideas 
and primitive methcKls, have been the ones to take the lead and 
follow up improvements. Today we hoist in one shaft, in a 
month, as nuich as they hoist in a year. After traveling 
thnaigh the different countries and seeing the conditions under 
which the lalK)ring classes work and live, the meager pay 
which they receive, the small opportunities for them to rise 
al)ove their station, I come back to America loving my country 
l)etter than ever before, appreciating the opportunities it 
affords a man, providing he has ability, courage and energy 
to get to the front, and 1 hope that each and every one of you 
will, whenever the opportunity presents, avail yourself of such 
a trip and, seeing conditions under which your fellow men 
work, I am sure you will come back feeling better satisfied 
with your own country, with a greater love for its institutions 
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and laws and most important of all, you will look at conditions 
as they arise, from a much wider point of view. 

Following the response of Mr. Qlcott, President Cole ad- 
dressed the members as follows : 

president's ADDRESS. 

Members of the Lake Superior Mining Institute. I am 
sure that all the people, living on the iron ranges of Minnesota, 
join with me in extending to you a hearty welcome to this, the 
Thirteenth Annual Meeting of the Institute and it gives me 
much pleasure to greet you tonight. I assure you that your 
return will be looked forward to by the i)eople of these ranges 
with a great deal of gratification. 

I would like to call attention to a few facts regarding the 
work of the past two years in the Lake Superior mining dis- 
tricts. I will not attempt to go into details for papers on some 
of the subjects have either been prepared or will be written and 
presented at some future meeting. 
Steel Construction — 

The use of steel for mine buildings and head frames for 
shafts is increasing, in addition a considerable quantity of this 
metal is now used for frames to support the walls of shafts. 
Whenever it is possible to locate shafts in stable rocks afford- 
ing a pennanent and fairly secure outlet steel or concrete lining 
should be used. Danger froiu fire is lessened and the cubic 
feet of rock to be broken and hoisted is reduced by using steel 
frames instead of timber. 

The Oliver Iron Mining Company is now planning to use 
steel frames to support the walls of the main openings such 
as drifts and crosscuts on each level instead of using large 
tinil)er for such support. We expect to save money in protect- 
ing our drifts and crosscuts with this material for the large 
timl)er we will secure from our lands will then be cut into mer- ' 
chantable lumber, and good value can l)e secured for this prod- 
uct. The people of the country will be benefited for high grade 
lunil)er from that part of the tree free from knots and other 
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defects is each year becoming more difficult to secure in re- 
quisite quantities. The first ore dock to be constructed of 
steel and concrete is now being erected at Two Harbors in this 
state. 
Water Poivcr Development — 

Notable installation of structures, buildings and equipment 
to utilize the energy of water powers in the Lake Superior re- 
gion have been made during the past two years; one at the 
Sturgeon Falls iKar Vulcan, Michigan, by the Penn Iron Min- 
ing Company,* the otlier at the falls on the St. Louis 
river near the City of Duluth. Conservation of natural 
resources should mean the development and utilization of 
energy that all our water powers will produce. The saving to 
the people of this nation is well illustrated by the fact that with 
ordinary waste in numerous steam power plants necessary to 
serve the growing industries located near the head of the lakes, 
the full utilization of this one water power near Duluth will 
e<iual the energy that can be secured from the output of a mine 
producing 1,300,000 tons of good steam coal per annum. 

State governments should construct reservoirs of ample 
capacity to store flood watera and ensure an average flow of 
water in its rivers each day of the year, making a reasonable 
charge to individuals or power companies who may be bene- 
fited thereby. 
Conservation of Forest Products — 

United eff'ort should be made by all members of this Insti- 
tute to secure careful consideration by state officials and mem- 
l)ers of state legislatures of the important subject of conserva- 
tion of our forests, and advocate the enactment of laws that 
will l)e just and e<juitable to all individuals or corporations who 
may desirci to foster the growth of young thrifty timber and 
reforest areas of land that is not valuable for agricultural pur- 
poses, the soil of which is suitable for reforestation. Mudi 



•This plant is fully described in the paper by Menn. Orblaon and 
Armstrong, entitled **The Hydro-Electric Plant of Penn Iron Mining 
Co.** und iHibiitihod iu this yohime. — Secretary. 
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land of this character is now comparatively valueless and taxes 

are not being paid thereon. 

Steel Manufacturing In the Northwest — 

The decision of the United States Steel Corporation to 
erect blast furnaces and steel works to manufacture steel in 
Duluth is of tremendous importance to the i)eople living in 
Minnesota, as well as in the entire Northwest. The raw ma- 
terials to make iron can be assembled in Duluth at reasonable 
cost, and the volume of finished steel that should be distributed 
from Duluth is already a very important tonnage and is in- 
creasing in quantity very rapidly each year. From that city 
steel can be distributed to points comprising two-thirds of the 
area of the Dominion of Canada. The states comprising the 
Northwest are tributary to the head of the lakes and the mile- 
age from Duluth to Omaha, Denver, Salt Lake City and San 
Francisco is the same as from Chicago. This means steel can 
be made in Minnesota and distributed in the middle Rocky 
Mountain states and the entire Pacific coast. 
JVestern Missabe — 

During 1906 and 1907 extensive development of the sandy 
ore dq)osits located in the Western Missabe district has been 
made. Openings in the ore disclosed the character of material 
to be concentrated. It was found the ore and sand would 
have to be subjected to a very eflfective abrading treatment 
before the mineral could be successfully concentrated. A com- 
mittee was selected to visit the iron ore concentrating plants in 
the South, and Mr. John U. Sebenius of our engineering de- 
l)artment with General Superintendent John C. Greenway, Mr. 
J. W. Leech, and Superintendent Dudley comix)sed this com- 
mittee. It was found the log washers used for concentrating 
the brown ores in Alabama would give the abrading eflfect 
required. It was decided to erect a temporary concentrating 
plant and install a log washer with other equipment, such as 
revolving screens and picking belt. The log washer not only 
is effective in giving the necessary treatment but it is a good 
concentrator and the improved type of log washer or Turbo 
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invented by Mr. Greenway may be sclccte<l for tlie final treat- 
ment of material delivered by the lojr washer or caught from 
the overflow in settling tanks instead of revolving screens. 

Valuable assistance was rendered by Dcnrtor L. D. Ricketts 
of Cananea, Mexico, and William Xicholls, now in charge of 
the concentrating plants of the Nevada Consolidated C,'oi)|kt 
Ctunpany and Cuml)erland-Kly Copjx^r Company o]x?rating in 
Xevada. Much credit is due the i)ersons mentioned and their 
assistants for the successful outcome of the cxiierimental work, 
and a c«)ncent rating mill with large capacity will l)e erected 
near Ci»leraine in the near future. 

Mr. Cole then intnxluced Prof. X. H. Winchell. of Minne- 
ai)olis, Minn. Mr. Winchell has long Ik^mi identified with 
mining oj)erati<His in the state and was among the first to 
rei)<)rt on the geologj- of the Vermilion and Mesabi rangi^s. 
His pai)er on the "Structures of Mesabi Ores/' is publisheil in 
this volume. 

Mr. Spencer S. Rumsey, of the mechanical engineering 
department of the Oliver Iron Mining Co., Duluth. read a 
jKH)er entitled. **Autt>matic Throttle CK>sing I>evice for Hoist- 
ing Machinery.'* This pajKT with complete drawings ajijKrars 
in this numl^er. 

IVof. L. S. .\ustin. of the Michigan College of Mines, 
Houghton, Mich., read a pai>er (►n **Sampling of Inm Ores," 
which was received with much interest. It is the object of the 
Institute to gather as much inl\>rmation as jxjssible on this im- 
I)ortant subject and memlx?rs are inviteil to prei>are papers for 
the next annual meeting. Also to furtlier discuss previous 
|>ajx.TS presented on this toi)ic. 

This concluded the reading of i>aj)ers for the evening and 
the president on miction api>ointe<l the following comnu'ttees 
tt) rejK)rt at the session on Friday evening: 

AiDiTiXG Committee — John M. Bush, In>nwocKl, Mich.: 
Charles T. Knise, Ishi)eming. Mich.; Charles Gral)owsky, Ely, 
Minn. 

Committee on Xominations — Frank E. Keese, Ishpcm- 
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ing, Mich. ; Norman W. Haire, Houghton, Mich. ; Charles H. 
Miinger, Duluth, Minn.; Wm. J. Richards, Crystal Falls, 
Mich.; D. E. Sutherland, Ironwood, Mich. 

On motion by Prof. F. W. McNair, of the Michigan Col- 
lege of Mines, a vote of thanks was extended by the Institute 
to the people of Virginia and the Commercial Club, for their 
kind reception and to Professor Bliss for the use of the school 
building for its meeting. 

There 1x?ing no further business the meeting adjourned to 
Friday evening, at Hibbing. 

FRIDAY, JUNE 26tH. 

The early morning was spent in visiting the mines at Vir- 
ginia and at ten o'clock the party left to continue the trip over 
the range. The first stop was made at the Mountain Iron 
mine. This mine has the distinction of being the first discov- 
ered on the Mesabi range and was also the first in making 
shipments, and stands today at the head of the list in total 
tonnage. The guide prepared by Horace V. Winchell for the 
first meeting of the Institute, in March, 1895,* gives the date 
of the discovery of merchantable ore on the Mesabi range, as 
1891 and 1892. It was in the latter year that the Mountain 
Iron mine made its first shipment of 4,245 tons, and for which 
year it was the only shipper from this range. The total ton- 
nage up to end of 1907, is 16,992,173, which is the largest for 
any one mine in the entire Mesabi district. 

At the Monroe-Tener mines the party was met by a recep- 
tion committee from Hibbing. A train of seven flat cars 
eciuipi)e(I widi comfortable seats had been prepared by the com- 
mittee to take the visitors through the open pits where the 
rc^ilar coaches could not be handled. The party was conveyed 
by this observation train to Hibbing where the Morris, Hull- 
Rust and Mahoning mines were inspected. The train was 
taken to the bottom of the pits, affording a splendid opportun- 



♦Publishod in Vol. Ill, 1895, pages 11 to 32. 
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ity to see the workings. This feature added greatly to the 
interest of the trip. 

The Institute was accorded a splendid reception by the cit- 
izens of Hibbing, a circular and map of the district had been 
prepared and was distributed to the visitors. A ball game be- 
tween the nibbing and Virginia teams being among the fea- 
tures of entertainment funiislied. Following is copy of cir- 
cular : 

To the Members of the Lake Superior Mining InstKute: 

The citizens in general and the resident mining men in i>articular 
welcome you to the Hibbing district Herewith will be handed you a 
map of the Hibbing district showing location of mines, roads, etc., 
also the shipments for 1907. Upon your arrival at the Monroe-Tener 
mine, a committee of one hundred of the representative citizens of 
Hibbing and vicinity, each bearing a badge with the inscription: "Re- 
ception, Ask Me*' will meet and circulate among you; you will find 
them all good fellows and willing and anxious to do your bidding. 
After inspecting the mines In the east end of the district including the 
Hartley. • Myers, Shenango, Monroe-Tener, Chisholm. Poarce. Clark, 
Leonard, Qlen and Pillsbury, you will arrive at Hibbing between two 
and taree o'clock p. m.; and you will be given an opportunity of look- 
ing over the Morris, Albany, Buffalo, Burt, Sellers, Hull-Rust and Ma- 
honing mines, among which you will see the largest exposed ore body 
in the world. 

Not alone content with having the largest mines in the world, 
we believe we have the best base ball club In Northern Minnesota, and 
to those who enjoy this kind oC amusement we will give an opportunity 
of witnessing a first-class article of ball between the home team and a 
team from Virginia. A separate section of the grand stand will be set 
aside for the members of the InstKute and their friends; refreshments 
^111 be served and you are at liberty to root for the vislUng team. 

The partors of the Algonquin Club will be open afternoon and 
evening to members of the Institute and also to any member of the 
local reception committee. 

We will be glad to show you through our school buildings, our 
Carnegie library and would also be glad to show you our fair grounds. 

In the evening at 8 p. m. you are earnestly requested to attend the 
business session of the Institute at the High school, and finally the 
mayor has kindly Instructed the police force to see that you leave town 
on schedule Ume. 

P. L. COVENTRY, 
Chairman RecepUon Committee. 



40 MINUTES OF THE MEETING. 

EVENING SESSION. 

At 8 130 p. 111. the nienibers and guests together with many 
of the citizens of Hibbing, met at the auditorium of the High 
school where the business session was held. The program 
opened with several selections by the High School orchestra 
which were very well rendered. The meeting was called to 
order by President T. F. Cole who introduced the Rev. Frank 
Durant, delegated by the people of Hibbing to extend their 
welcome to the menil^ers. Mr. Durant spoke as follows : 
! Mr. President, members of the Lake Superior Mining In- 

stitute and friends: It is with great pleasure that we welcome 
' you to our city. When the reception committees' badge was 

I pinned upon my coat and the all-embracing words "Ask me" 

I demanded some knowledge of your great industry I protested 

I that iron mines and mining were a sealed mystery to me. I 

was then asked what I knew about copper, to which I could but 
reply, "I have some to sell**; the answer came, "There are 
, more like you." We do welcome you most heartily' to our 

I city; we have endeavored to express that welcome since we 

met you this noon and it will be simply impossible for you, 
sleeping or waking, to get away from our care and oversight 
until you take your final departure from our midst. Indeed, 
we wish that your stay could be prolonged, that you might see 
something of the hospitality of our homes, the sweetness and 
; l)eauty of our young womanhood, the graciousness of our 

! wives and mothers; we have these in great abundance and 

gladly would we share them with you gentlemen of the Min- 
"! ing Institute. 

In welcoming you I will not point with pride to our beauti- 
ful sch(K)l buildings, symbolizing our interest in education. 
These things are our first thought and are characteristic of 
American interest everywhere; enough that Hibbing has them, 
that there are no better or finer anvwhere and that this young- 
est and biggest and busiest range town — for it is that — has 
education as her first and chief concern. Neither will I point 
to you our Carnegie library — something to be had for the ask- 
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inj^ — but I do call attention to the splendid zeal that has 
mothered the enteq)rise and the greater zeal that will make qiir 
librarj' one of the best institutions in our city. 

Those of you who were here a few years ago cannot but 
sec a vast improvenient to<lay, in the appearance of our store 
buildings, our substantial business blocks, and al)ove all, the 
large and ever-increasing number of men and women pioneers 
of brain and brawn who are making for civilization in our 
northem count r)'. 

These iron ranges demand men and women of the highest 
tyi)e. There is no room for the mollycoddle. As a mother 
l(M»ks forward to the birth of her first lx)ni, longing for .ind 
awaiting the advent of a strong, manly character, so our range 
country longs and yearns and welcomes strong manhood and 
womaiduHxl. There is no place for the weakling in her iK>sts 
of i)osition; the morally weak will be lost in the saloon and the 
low resort; the morally weak will find his place on the out- 
skirts; the careless and indifferent will help fill the rank of the 
uneniploye<l and dissatisfied. It is the strong ami brave and 
tnie that are wanted and our town l)oasts of her fair share. 
As in the mines around here there is ore of many shades and 
grades, low and high, grading into finest bessemer, and tlie 
t>ne strong ciuality in all is the iron, so with our men and 
women — many gra<les of workmen, many positions of trust 
and resjMHisibility to fill, captains of industry, hardy workmen 
in the commea^ial and mining industries, and the one chief 
tmiting chanicteristic of all is the iron in the bKxxl. 

To the town m.ide by sucH men and women we bid you 
welcome — 1«) Hibbing. the largest, busiest and biggest. We 
\ui\yc y(nir visit here will l)e profitable and your hearts happy. 

Resfxinding to Rev. Durant, Mr. Cole s]M>kc as follows: 

On iK'half of the memlx^rs of the Institute I thank you for 
the hearty an<l cordial pKxl will extended to us; the words you 
have s|H»ken tonight were hearty. The greeting we received 
>vhen wc arrived at the Monn^Tencr mine was hearty ; they 
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had big and strong men there. It was good to our members 
to see the evidences of welcome on every hand. 

All along, as we visited various mines on the Eastern Mis- 
sabe, we saw lines of splendid locomotives and steam shovels 
awaiting the time when we could put them to work; they were 
prepared as for winter, being well greased and oiled to with- 
stand any encroachment of the elements. I think last year 
there were none of these machines idle. There has come a 
financial depression. Many locomotives and steam shovels 
are idle because we cannot sell the ore. Copper suffered first. 
In the metal family it is looked upon as somewhat of a luxury, 
but it is a good metal ; it is enduring and will withstand the 
ravages of the elements for all time; it is a beautiful metal 
and is today used for finishings of the high priced furniture 
that enters our homes ; it enables mankind to take advantage 
of falling waters, but naturally it is a metal that is the first to 
suffer a decline when adverse conditions in the commercial 
world befall us. I want to say to you that we cannot sell iron 
ore freely tliis year and this is not an opportune time to sell 
copper at remunerative fig^ires, but the day is coming when 
the metal will again l)e in demand and certificates will sell in 
the market at a figure that will more nearly evidence the real 
value of the mines on which they were issued. Say this to 
your good friends and the people of Hibbing. It may not be 
long before we will have to start the idle steam shovels and 
l(xomotives and it is not going to be long before the engineer 
will be ready with plans to utilize water powers and we shall 
agjiin have prosperity in this land of ours. They cannot keep 
industry back for any long period. 

The members of the Institute have evidenced their delight 
in Hibbing and its people and selected it as a place to hold a 
business meeting. The people of Hibbing not only extended 
us a hearty welcome tcxlay, but they even provided athletic 
exhibitions for us; I never saw a better ball game in my life 
than that played on the Hibbing field this afternoon, and with 
reference to the good wives, the mothers, the daughters; w« 
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know that they were pleased to have us with them ; this was 
evidenced by their goodness in serving refreshments to the 
mining men. The residents of the city clearly evidenced their 
appreciatioix of our coming. 

I believe it was six years ago since we met here and the 
development of the iron ore business in this district has been 
marvelous since that time. We hope by the time of our next 
meeting here your esteemed people will have enjoyed and be 
enjoying gfreater prosperity and the development has reached 
a point very much larger than it has today. 

Mr. J. H. Hearding, of Eveleth, Minn., addressed the 
meeting on the subject of "Biographies of the liarly Settlers 
of the Lake Superior District." This work was first suggeste<l 
by Mr. Hearding at the Houghton meeting in August, 1906, 
since then he has devoted considerable time to the subject. 

BIOGRAPHICAL ADDRESS BT J. H. HEARDING. 

The Lake Superior region of the United States comprises 
the Upper Peninsula of Michigan, Iron, Ashland, Bayfield and 
Douglass counties of Wisconsin, and St. Louis, Lake and 
Gx)k counties of Minnesota, all of which territory lies adja- 
cent to the lake and also practically includes Florence county, 
Wis., and adjacent territory on the Menominee iron range. 
The term itself, though not at all indicative, has grown to 
mean the mineral bearing districts and the mining regions 
which practically surround the lake itself, and the towns and 
cities that have grown up in consecjuence of the mining opera- 
tions. 

When the southeni part of Michigan and Wisconsin were 
comparatively well settled regfions. the Lake Superior country 
was practically a wilderness, populated by savages and game. 
Many nmiors existed of untold mineral wealth, and in the lat- 
ter part of the eighteenth century and the early part of the 
nineteenth centur>', one or two sporadic attempts were made 
to exploit this region by French and luiglish explorers and 
capitalists* but these attempts proved fruitless, and the region 
again relapsed into its original quiet and obscurity. 
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It was not until 1840 or a little after, that the inhabitants 
of southern Michigan began to look towards the northern pen- 
insula with any degree of interest, for it was at that time that 
Dr. Douglass Houghton was appointed State Mineralogist 
and commenced to investigate the possibilities of both penin- 
sulas in the way of mineral wealth. His efforts were success- 
ful in many ways, but owing to his untimely end on the shores 
of the lake at Eagle river, at what was practically the begin- 
ning of his career, he accomplished much less than he would 
have, had he been spared. His investigations, however, at- 
tracted to the upper i)eninsula many men of many types who 
were associated intimately on account of their environment 
and unity of purpose, and these men eventually developed into 
what might \yt called a distinct type through the power of 
asscKiation. 

That they impressed their: personal character on their de- 
scendants and successors and that their characters were good 
and true, is attested by a statement made to me in 1904 by a 
Chicago machinery manufacturer, when he stated that he fre- 
quently would take a contract from a Lake Superior man and 
commence the manufacture of the material before a paper was 
signed, something which he never would do in other localities, 
a statement that certainly attributes a high standard of honesty 
and integrity to the men of, this region. It is with the lives of 
these men that this pai)er has to deal, and any interest that it 
may excite is merely reflected from the memory of those that 
have gone before. 

At the last meeting of the Institute at Houghton, I sug- 
gested to the meeting the preparation of biographical data relat- 
inir to the lives of the prominent men in years past in the Lake 
Superior region. It was made as a suggestion, knowing that, 
if it were acted uix)n as a mcUion, the burden of the work 
would fall upon some one's shoulders, and I felt that, at that 
i.'ite hour, it could not l)e done without doing some injustice 
to the secretary of the Institute or some other ixirson equally 
busy. Subscquentlv, Mr. Yungbluth asked me to prepare 4 
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pa|)er bringing: into it some of the biographies of the older 
men in the I^ke Su|)erior region; and for the last fifteen to 
cif^Hitwn nioiuhs I have l>een trj'ing to collect such biographies 
as I thought would be interesting. Before reading them I 
would like to present to the meeting a few ideas on the subject 
and would invite discussion of the same. 

liiography as you all know is practically history, written 
in the fonn of the histor>' of an individual and, therefore, 
should Ik as accurately stated as is possible, as in a few years 
it may become a matter of reference, and, if inaccurate, will 
cause a great deal of misstatement and confusion. The his- 
tory of a given time is written in the lives of the men that 
liveil at that time and were prominent in the affairs of tho 
IKTicnl. These affairs may not be of national importance, but 
they arc of great local interest and very often are extremely 
valuable. The sources from which history is drawn are tradi- 
tion, writings and personal memoranda of individuals, and 
public documents of record. 

Tradition of necessity, must to some extent be inaccurate, 
as it dq)ends largely on the memory of the person relating it 
and is there foa* very likely to he colored to suit his ideas or 
prejudices, and should require corroborative evidence before 
Ixring taken as a fact. An event related by one to another may 
seem entirely different to the person listening from what it 
actually is. and. if repeated by him, may give a very wrong 
impression of the original narrative. Personal memorandum 
has always the error of statement to contend with and the 
differences arising from the individual point of view. Public 
documents and records are the most accurate source of infor- 
mation, but even they at times are erroneous. 

iM^r these reasons I have felt that we should, in gathering 
this l)ii>graphical data, have it presented to the meeting* of the 
Institute, and as wc still have in our midst many who were 
actually i:i)miecte(l with the early days of the Lake Superior 
region, wc can then have any errors in statement corrected as 
they Afp made in readings thp bic^phjes, and \h^ rw^rds 
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altered to agree with the facts. I find from my experience of 
the last few months in gathering the few biogfraphies to fol- 
low, that in many instances letters will be written to people 
who are not conversant with the history of the individual de- 
sired, that some of the persons written to are absent from the 
address to which the letter is sent and that in some instances 
the letters are not answered on account of apparent indiffer- 
ence or neglect. Of course one cannot blame a correspondent 
who often is too busy to answer or who cannot find the data 
desired, for it certainly necessitates a good deal of investiga- 
tion. 

In regard to the data to be used ; that which especially ap- 
plies to the history and development of the Lake Superior 
region should be of primary importance; other side lights in 
the history of the individual are interesting and instructive but 
what' would seem to me to be the essential part would be the 
individual's connection with the work in the Lake Superior 
region. Of course outside influences that lead up to the per- 
sons coming to the Lake Superior region are also important. 
Another way of furthering the work would be to have the 
members of the Institute send in names of those whom they 
know of but whose histories they do not know, and these can 
be referred to others who are familiar with or have access to 
the facts and the results can be obtained in that way. An 
effort was made in this direction by the secretary in a circular 
letter, sent to members in April, 1907, but was productive of 
but one biography, hence I am making a personal appeal to 
you all to send them in. 

We also have as members of the Institute most all of the 
newspaj^er men in the mining region and, if they would send in 
any obituary notices that they may print, they would confer 
a great favor on the person preparing the data and greatly 
facilitate tlic work. Another point is that it would seem most 
iitting that the biographies of all of our deceased members of 
the Institute should be published in our records. At present 
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wc have 35 names in our list and I think they should all appear, 
with biogaphical notices in the proceedings. 

There is, of course, a great temptation to ask some of the 
okler members to write the story of their lives and work, but it 
involves a great deal of work on their part and without wish- 
ing to appear flippant would be a good deal like asking a man 
to write his own obituary notice. If, however, they could be 
I)ersuaded to present papers dealing with- their connection with 
the Lake Superior region, they certainly would confer a great 
favor on the members and add greatly to the pleasure of all of 
us. I think though that such requests should come from the 
President of the Institute rather than from a private individual 
believing it to be much more courteous and eflFective, and I 
think that an evening with the pioneers would be as enjoyaWy 
a feature for all as could be introduced. ' 

From my short experience I feel that whoever takes up the 
work in the future should have provided for him, a suitable 
letter head by the Institute. If it devolves on the Secretary, 
of course, the official letter head of the Institute will be all 
that is necessarj', but to have a private individual write to you 
for personal and intimate data regarding the life of one who 
was near and dear to you is even a little worse than to be ques- 
tioned by a total stranger as to the size of your pocketbook. 
For that reason I have introduced myself very frequently to 
strangers, to whom I have written by using my official letter 
head, hoping thereby to add at least the respectability of the 
company to my request. Then in conclusion comes the ques- 
tion, who is to do the work, if it is to be done, and further, 
if tlie Institute wishes to extend it from this insignificant begin- 
ning, and assume the extra expense of printing its proceedings. 

It would appear that a committee of interested and pa- 
triotic members would be the easiest and most efficient way to 
carry on the work, but that point is certainly up to the meeting, 
Personally I be|if%'c the work should go on and should be made 
A feature ot Oiir transactions. We all are more or less inter- 

e»tf4, finfi w all may well bp fpjr tjij NQrthcm PwnsBte from 
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1843 ^o 1870 was by no means an Elysian field. The climate 
during the summer was certainly delightful , excepting sucli 
things as sandflies, mosquitoes, gnats and the like, but as late 
as '69 there was no connection by rail with the Copper Country 
and when winter came with unusual force as it most always 
did, the hardy band of pioneers located at the different settle- 
ments were absolutely cut off from civilization, excepting for 
a monthly mail by dog sledge delivered by one of our own 
sturdy members, the Hon. Peter White. Since this article was 
written he has passed beyond to be numbered with the illus- 
trious dead of this Institute. I had hoped that he might be 
present to correct and amplify the data submitted. 

I have a keen recollection of many of the incidents told me 
by my mother of the early sixties in Houghton and they can 
be duplicated from all of the old settlements such as Ontona- 
gon, Hancock, Marquette, L'Anse and others. Cut off from 
all intercourse with civilization, the inhabitants of the U. P. 
had to live by themselves and for each other, and such a con- 
dition must produce either very bad or very good results. The 
character of the men and women who went to the Upper Pen- 
insula at that time was such that they developed within this 
environment, as broad a charity, as high principles of honor 
and integrity and as wide and hearty a hospitality as has eVer 
been known in the history of our country. 

Mr. Yungbluth: I think that the manner in which Mr. 
Hcarding has started this feature of the work in connection 
with the Lake Superior Mining Institute, and the progress he 
has made the first year of the effort, suggests the advisability 
of continuing the research for infomiation along the lines 
mentioned in his paper. In securing the biographies of the 
pioneers of the mining regions of the Lake Superior district, 
we will also secure more or less data which is of great impor- 
tance, historically, and I would like to see this made a pemia- 
nonr feature. Instead of throwing the whole burden of the 
work upon Mr. Hearding it might relieve him somewhat if a 
committee would be appointed to assist him, of such men as 
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have some personal knou ledge and informafion in regard to 
the early days, and selected p<3ssibly with a view to covering 
the different ranges. The copper country wotild perhaps offer 
the earliest infomiation and much has already been gathereil 
up by Mr, Ilcarding with a view of accomplishing something 
in this clireclton- I would su^ge^it further consideration and 
diiscussion as to future work relative to biographical and his- 
^tnrical rcseardi for the benefit of tlie Inslitulc and for the in* 
fi»nnaton of people who read tlie proceedings. I might state 
that the proceedings are now placed in many of the libraries 
of tiie United States; also in Canada, England, Austnilia, Ger- 
many and South Africa. Our work seems to be appreciated; 
only recently we received request for a coinplele set of volumes 
for the Calumet & Ilecla library and you will find extracts 
quoted in various books in connection with work along mining 
and metallurgical lines, 

Tlie first paper for the evening was read by Mr. William 
Kelly, of Vulcan, Midi.t on **The Hydro-Electric Plant of 
Pcnn Iron Mining Co., at Vulcan, Mich./* which was prepared 
by Mr. Tliomas W, Orbison, of Appletcwii Wis*, and Mr. 
Frank H. Armstrong, of Vulcan, Mich* TTie paper was illiis- 
trate<I by stereopticon views, showing many very interesting 
pictures during construction as well as after coniplction of the 
plant. The wi>rk on tlris plant was begun in the fall of 1905 
and com[>letetl in tlie spring of 1 907. 

Mr. Alexander M. Gow, of the mechanical departmoit of 

the Oliver Iron Miniiig Co,, presented a i>aper entitlcth "The 

LStanclard Iloiler House of the Oliver Iron Mining Co/' At 

rikiinc of the mines visitetl during the trip the mcmljers had the 

ojiporlunity to carefully inspect the type of building described 

in this t^ap*?^' 

Dr. Alfred C, l*ane. State Geologist of Michigan, prepared 
an exhaustive paper on the subject of mine waters and pne- 
snouted a brief aljstract of the same. The paper is published in 
full in this volume, 

Mn W. F. Slaughter, of RepuUic, Mich., read a paper en- 
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titled, "Acetylene Gas As An Underground Light." The 
writer gives the results of some tests made as to the efficiency 
and economy of this method of lighting. 

Following the reading and discussion of papers, the Secre- 
tary presented the report of the Council since the last meeting. 

REPORT OF THE COUNCIL. 

The Secretary's report of Receipts and Disbursements from 
August 8th, 1906, to June 16th, 1909, is as follows: 

RECEIPTS. 

Cash balance on hand August 8th, 1906 $4,396.12 

Dues for 1906 $1,895.00 

Entrance fees, 1906 285.00 

Back dues 250.00 

Advance dues, 1908 100.00 

Sales of proceedings 71.65 

Sale of Institute pins 248.00 

Total $2,849.65 

Interest on deposits 254.78 

Total receipts 3,104.43 

Grand total $7,500.65 

DISBURSEMENTS. 

Stationery and printing $ 69.85 

Postage 151.20 

Freight and express 23.89 

Telephone and telegrams 14.61 

Secretary's salary 750.00 

Clerical and stenographic work 62.50 

Total $1,072.05 

Publishing proceedings, Vol. XII — 

Printing and binding $576.50 

Advance papers, 1906, 1908 153.25 

Photographs, maps and cuts 317.99 

Total $1,047.74 

Institute pins 379.00 

Badg3s for 1907, meeting postponed 135.00 

For badges and expenses, meeting 1906 196.12 

Total disbursements $2,829.91 

Cash on hand June 16th, 1908 4,670.64 

Grand total $7,600.56 

Membership— 1908. 1906. 

Members in gowl standing 444 410 

Honorary members 4 4 
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Life membera 1 1 

Members in arrears 26 SO 

Total 475 465 

New members admitted 60 64 

Members not qualified 8 7 

New members added 67 57 

TREASURER'S REPORT. 

The Treasurer's report from August Stb, 1906, to June 16th, 1908, 
is as follows: 

Oash on hand August 8th, 1906 14,396.18 

Received from Secretary 2^49.65 

Interest on deposits 254.78 

; 

Paid drafU issued by the Secretary $2,829.91 

Cash on hand June 16th, 1908 4,670.64 

$7,500.55 $7,500.55 

The undersigned committee appointed to audit the books 
of the Secretary and Treasurer, beg leave to report that they 
liave carefully examined the same and find them to be in ac- 
cordance with' the above statements. 

We have also examined the bank statements and find that 
the deposits agree with the cash statement. 

CHAS. T. KRUSE, 
JOHN M. BUSH, 

Committee. 

The following applications for membership have been re^ 
ceived since the last annual meeting and are approved by the 
Council : 

Adgate, F. W., Civil Engineer, Kansas City, Mo. 

Amberg, William A., President Loretto Iron Co., 438 Ful- 
ton St., Chicago, Ills. 

Angst, Robert A., Mine Superintendent, Hibbing, Minn. 

Benson, A. F., Chief Engineer Republic Iron & Steel Co., 
Virginia, Minn. 

Biscombe, Joseph R., Mining Captain, Kearsarge, Mich. 

Binney, Joseph, Mining Captain, McKinley, Mirai. 

Bowen, Reuben, General Sales Manager, Fred M. Prcs- 
cott Steam Pump Co., Milwaukee, Wis. 
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Brewer, L. C, Superintendent Newport Mine, Ironwood, 
.Mich. 

Brown, John Jacob, Mechanical Engineer, 1539 First Na- 
tional Bank Bldg., Chicago, Ills. 

Chamberlain, Paul F., Assistant Superintendent, Soudan, 
Minn. 

Chambers, H. P., M. D., Florence, Wis. 

Cheyney, 11. C, Assistant General Freight Agent, C. & N. 
W. Ry. Co., 215 Jackson Blvd., Chicago, Ills. 

Connors, Thomas, Timber Contractor, Negaunee, Mich. 

Cotter, \\\ H., Carbon Salesman, 108 Fulton St., New 
York City. 

Coyne, WilHam, Traffic Manager, E. I. DuPont de Ne- 
mours Powder Co., Wilmington, Del. 

Croxton. David T., Iron Manufacturer, Cleveland, Ohio. 

Damkroger, II. C, Mining Engineer Oliver Iron Mining 
Co., Coleraine, Minn. 

Dawe, Peter, Mine Inspector, Houghton Co., Calumet, 
^lich. 

Donovan, Percy W., Superintendent of Explorations E. J. 
Longyear, Hibbing, Minn. 

Donner, George H., Superintendent Fayal Mine, Eveleth, 
Minn. 

Drake, RijlHn IC, Secretary Vermillion Pine & Iron Land 
Co., Ishi)eming, Mich. 

Duff, Harry E., Mining Captain, Riverton Mine, Iron 
River, Mich. 

Edwards, J. P., Mining Captain. Mansfield, Mich. 

Eairchild, David L., Diamond Drill Contractor, 616 Lons- 
dale l>ldg., Duluth, Minn. 

I^YM-guson, J. A., Xorlhern Sales Agent, Pittsburg Coal Co., 
Duluth, Minn. 

Glass, Frank A., Alining Engineer, Randall, Minn. 

Harden, James II., Urndcrick & Uascum Rope Co., Strat- 
ford Hotel, Chicago, Ills. 

Hart, William C, Mining Engineer, Hibbing, Minn. 
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Henderson. Enoch, Manager Copper Crown Mining Co., 
Matchwood. Mich. 

Hine, S. K.. Iron Manufacturer, Girard, Ohio. 

Ikxigson, J. A., Broker, Houghton, Mich. 

Hunner, l^arl E., Civil and Mining Engineer, Hibl)ing, 
Minn. 

Kerr, George H., Manager Sales Records E. I. DuPont dc 
Xcniours l^>w(ler Co.. Wihuington. Del. 

K(k1i. Arthur A., Instructor of Analytical Chemistry, 
Micliigan College of Mines. Houghton, Mich. 

Knise. Charles T., Assistant Superintendent Pittsburgh & 
I^'ike Angeline Iron Co., Ishpeming, Mich. 

Lamont. John D.. Mining Engineer, Virginia, Minn. 

LaRue, William G., Mining. 208 Exchange BIdg., Duluth, 
Minn. 

I^tham, Arthur M., Chief Clerk Meriden Iron Co., Hil>- 
hing, Minn. 

Lewis. Charles H.. Manager of Mines, Hibbing, Minn. 

Lindl)erg. John P.. Sui)erintendent Diamond Drills, Hi!>- 
bing. Minn. 

Linn. A. E., Mining Engineer, Norway. Mich. 

Martin. Alfred. Sui>erintendent of Mines, Virginia, Minn; 

Matthews. William C, Assistant Director of Sales, E. L 
I)ul*i»nt de Xemours Powder Co., Wilmington, Del. 

Meyers, William R., Mining Engineer, Princeton, Mich. 

M(H»re. Clarence E., Mining Superintendent, Virginia, 
Minn. 

Morris. Charles S., Mining Engineer, 2232 E. First St., 
Duluth. Minn. 

Murray. K<»l)ert. Sui)erintendent. Ilibbing, Minn. 

McCamnnm. George H., Genend Sales Agent lieall Bros.. 
y^T^ Railway Exchange Bldg., Chicago, Ills. 

()rti>n, Hugh J.. Mining Engineer, Hibbing, Minn. 

Pentecost, J«)hn. Mining Captain, Calumet, Mich. 

(Juinn. Clement K., Mining Engineer, Virginia, Minn. 
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Richards, Morris E., Mining Engineer and Mining Super- 
intendent, Buhl, Minn. 

Roskilly, Joseph, Superintendent of Mines, Virginia, Minn. 

Russell, C. W., Assistant Manager, Russell Wheel & Foun- 
dry Co., Detroit, Mich. 

Savage, J. A., Mine Superintendent, Hibbing, Minn. 

Schulze, W. J., Mining Engineer, Virginia, Minn. 

Simmons, Charles, Machinist Foreman, Champion Mine, 
Beacon, Mich. 

Smith, Willard J., Mining Superintendent, Mohawk, Mich) 

Skinner, Mortimer B., Vice President and Secretary, 
James McCrea & Co., 63-65 W. Washington St., Chicago, Ills. 

Smith, George M., General Agent, C. & N. W. Ry. Co., 
Duluth, Minn. • 

Tappan, William U., Mine Superintendent, Hibbing, Minn. 

Thieman, Edward, Cashier, Florence, Wis. 

Thompson, Greer H., Contractor, Hibbing, Minn. 

Thompson, Henry S., Assistant Superintendent Oliver 
Iron Mining Co., Beacon, Mich. 

Tillinghast, Edmund S., Mining Engineer, Lutonia Mine, 
Hibbing, Minn. 

Tobin, James, Retired Mining Captain, Florence, Wis. 

Van Evera, Wilbur, Mining Engineer, McKinley, Minn. 

Webb, Francis J., Mining Inspector, St. Louis County, 
Eveleth, Minn. 

Wearne, William, Superintendent, Laura Mine, Hibbing, 
Minn. 

Welker, W. F., Assistant Superintendent, C. & N. W. Ry. 
Co., Ashland, Wis. 

Wessinger, Henr}'^ J., Chief Engineer, Oliver Iron Mining 
Co., 610 Wolvin Bldg., Duluth, Minn. 

Williams, Percival S., Assistant Superintendent, Montreal 
Mine, Montreal, Wis. 

The Council recommends that the Secretary be paid the 
salary of seven hundred and fifty dollars for the past year. 

On motion Uie report of the Council was adopted and the 
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Secretary instructed to cast the vote of tlie Institute for the 
election of the applicants presented. 

The report of the Auditing Committee was read and 
adopted. 

Mr. Walter Fitch, of Calumet, Mich., presented the fol- 
lowing resolution which was on motion adopted : 

Resolved, That Messrs. J. H. Hearding. W. J. Olcott. 
Geo. A. Newett and J. B. Cooper be requested to act as a com- 
mittee to consider the character and scope of the records, to be 
ptepared for publication in the Proceedings, covering the Lake 
Superior mining industry and a biog^phy of the individuals 
concenied in its early history and submit to the Council such 
plan, and the Council be authorized to pass and approve such 
plans as it may see fit, and authorize the committee's expendi- 
tures. 

On motion by Mr. Dwight E. Woodbridge, of Duluth, a 
vole of thanks was tendered to the committee and the citizens 
of Hibbing for the splendid reception given to the members 
and the entertainment provided during their stay. Also to the 
authorities for the use of the school building and the members 
of the High school orchestra for the music furnished. 

The committee on nominations presented the following 
rcjK^rt : 

Your committee on nominations beg leave to submit the 
following names as officers of the Institute for the term 
specified : 

For President : (one year) 

M. M. Duncan, Ishpeming, Mich. 
For Vice-President: (two years) 

1. \V. J. Richards, Crystal Falls, Mich. 

2, Giarles Trezona, Ely, Minn. 
For Managers: (two years) 

1, F. E. Kecse, Ishpeming, Mich. 

2, W. J. Uren, Calumet, Mich, 

3, L. M. Hardenburgh, Hurley, Wis. 
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r\>r Treasurer: (one year) 

I, E. W. Hopkins, Commonweal tli. Wis. 
lM)r Secretary: (one year) 

1, A. J. Yun^hluth, Islipcming, Midi. 
F. E. KEESE, 
C H. MONGER, 
W. J. RICHARDS, 
D. E. SUTHERLAND, 
NORMAN W. HAIRE. 

The report of the committee was on motion adopted and 
the Secretary instnicted to cast the vote of the meeting for the 
election of tlie ofllicers as presented by the committee. 

Mr. Walter Fitch presented the following resolution which 
was on motion unanimously adopted: 

Rcsok'cd, That the thanks of this Institute be tendered to 
the Mining Companies of Minnesota and their officials and to 
the Clubs and Citizens of Duluth for the very handsome enter- 
tainment extended to the Institute and its members on the 
(X\\'ision of their visit to the cities and iron ranges of the state. 

After announcement Ixiing made of the program for Satur- 
day, the meeting was on motion adjourned. 

SATURDAY, JUNE 27TH, I908. 

At seven o'clock Saturday morning, the members arrived 
at Coleraine and were met by the band and meml)ers of the 
Commercial dub. 'i'he local members tcx^k the party in charge 
and after boarding the observation train a trip was made 
through the Canisteo and Walker pits. The concentrating mill 
was next visited, and considerable time was si)ent here. This 
mill was erected to carry on exi^erimental work before con- 
struction on the large plant was begim. The committee con- 
ducted the party through the new town to the John C. Green- 
way High school. As we are promised a paper on Coleraine 
for this issue nr) extended mention is here necessary. The 
trains left inv Duluth at 12 o'clock noon, arriving there at four 
where the ])arty disbanded. 

The thirteenth meeting will be long remembered by those 
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present. The arrangements were admirably carried out which 

made it possible to cover so large an area in so short a time. 

Mr. Cole and his associates are to \k complimented on the 

great success of the meeting. 

The following is a partial list of members and guests in 

attendance at the meeting : 

ABEEU GEORGE H Hurley, Wis. 

ABELL. S. J Chicago. Ills. 

AMBERG. J. WARD Chicago. Ills. 

AMBERO. W. A Chicago. Ills. 

ANGST. R, A HlbblTig. Minn. 

ARMSTRONG. F. H Vulcan. Mich. 

AUSTIN. L. S Houghton. Mich. 

HACON. L, H l8hi>omlng. Mich. 

BARTI^TT. E. P Chicago, lUs. 

BAXTER. CHARLES H Loretto. Mich. 

BEYENKA, THOMAS Houghton, Mich. 

BIRCKHEAD. LENNOX South Milwaukee. Wis. 

BIJICKWELL, FRANK Ironwood, Mich. 

BLACKWELL. FRANCIS Ironwood. Mich. 

BOWDEN. F. J Houghton, Mich. 

BOWEN. REUBEN Milwaukee. Wis. 

BREMER. D. F Chicago. Ills. 

BREWER. K. W Chicago. His. 

BREWER. LUTHER C Ironwood, M»ch. 

BRIGHAM, E. D 215 Jackson Blvd.. Chicago. 111. 

BROUOHTON. H. P Duluth. Minn. 

BURR, FLOYD L. Vulcan. Mich. 

BUSH. JOHN M Ironwood, Mich. 

CAMPBELU S. G Bessemer. Mich. 

OARMICHAEL. WILUAM Blwablk. Minn. 

CARPENTER, C. S Duluth. Minn. 

CARSON. JOHN A. Appleton, Wis, 

CARTER. R. B Chicago. Ills. 

CASTLE. WILUAM B Marquette. Mich. 

CHAMPION, CHARLES Champion. Mich. 

CHEYNEY. H. C Chicago. Ills. 

CHINN. W. P Hlbblng. Minn. 

CLARK. KIMBELL Ironwood. Mich. 

CUFFORD, J. M Escanaba, Mich. 

COAD. RICHARD Ely. Minn. 

COLE. CHAS. D Ishpemlng, Mich. 

COLE. T. F. Duluth, Minn. 

COLE, WM. H Duluth, Mlon. 
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COLE, WM. T lehpemlng, Mi<di. 

COOPER, JAMES B Hubbell, Mich. 

COTTER, W. H New York City, N. Y. 

COVENTRY. F. L Hlbblng, Minn. ^ 

CRANE, E. E Duluth, Minn. 

DAVIDSON, O. C Iron Mountain, Mich. 

DIOKENSON, E. S Iron Mountain, Mich. 

DORMER, GEORE H Eveleth, Minn. 

DUDLEY, HARRY C Coleraine, Minn. 

DUFF, HARRY B Iron River, Minn. 

EATON, LUCIEN Iron Belt, Wis. 

EISELE, GEORGE J Iron Mountain, Mich. 

ELLARD, H. F Silver City, N. M. 

ELLIOTT, MARK Virginia, Minn. 

FAIRBAIRN, C. T Duluth, Minn. 

FAIRCHILD, D. L Duluth, Minn. 

FAVOR, GEO. W. Chicago, Ills. 

FAY, JOSEPH Marquette, Mich. 

FISHER, JAMES, JR Houghton, mch. 

PTFCH, WALTER Calumet, Mich. 

FLODIN, NELS P Marquette, Mi^h. 

FOLEY, DAVID F Duluth, Minn. 

FRASER, WILLIAM H Crystal Falls, Mich, 

GRABOWSKY, CHARLES Ely, MCinn. 

GILBERT, C. B Duluth, Minn. 

GLASS, FRANK A Deerwood, Minn. 

GODFREY, M. H Hibblng Minn. 

GOLDSWORTHY, JOSEPH Iron Mountain, Mich. 

GORDON, ALEXANDER T Mountain Iron, Minn. 

GOW, A. M Duluth, Minn. 

GREENE, W. E Cleveland, Ohio. 

GREENWAY, JOHN C Coleraine, Minn. 

GRIERSON, EDWARD S Calumet, Mich. 

GUNSOLUS, F. H Wilmington, Del. 

HAIRE. NORMAN W Houghton, Mich. 

HULL, E. M Chicago, Ills. 

HAMMOND, T. A Duluth, Minn. 

HARRIS. S. T Houghton, Mioh. 

HARRISON. G. E Hlbblng, Minn. 

HARTLEY, G. G Duluth. Minn. 

HART, WILLIAM C Hibblng, Minn. 

HAWKINS, M. S Mountain Iron, Minn. 

HEARMNG, JOHN H Bveleth, Minn. 

HEARLEY, MICHAEL T Cleveland, (Milo. 

HELPS, S. B ; Eveleth, Minn, 
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HEYN, HOWARD J Ishpeming, Mich. 

HOLLY, V. C Marquette, Mich. 

HOLMAN, J. W Chlcmgo, Ills. 

JACKSON, H. L. Princeton, Mich. 

JONES. JOHN T Eveleth, Minn. 

JOHNSTONE. O. W Abbotsford. Wis, 

JONES, CHARLES C Ramsey, Mich. 

KARKEET. J. H Iron Mountain, Mich. 

KEESE. FRANK E Ishpemlng. Mich. 

KELLY. WILLIAM Vulcan, Mich. 

KIESWETTER. CHARLES W Duluth. Minn. 

KING. C. B lahpemlng. Mich. 

KIRKPATRICK, J. CLARK Escanaba. Mich. 

KNIGHT. R. C Ereleth, Minn. 

KOEPEL, ED Beacon Hill. Mich. 

KOCH, aAtHUR a. Houghton* Mich. 

KRIEGER. A. H Duluth. Minn. 

KRUSE, CHARLES T Uhpeming, Mich. 

IJIMBRIX. GEORGE Hurley, Wla. 

LAMBRIX. MICHAEL Hurley, Wis. 

LANE. ALFRED C Lansing, Mich. 

IJiSQ, T. H Duluth, Minn. 

LARSON, EDWARD Florence. Wis, 

l^ RUE, W. G Duluth, Minn. 

LAWTON. CHARLES L. Hancock, Mich. 

LEONARD. C. M Princeton, Mich. 

LESLIE. S. I New York City. N. Y. 

LETZ. JOHN F Milwaukee. Wis, 

LEWIS, CHARLES H Hibbing. Minn. 

LEIN. NELS Ereleth, Minn. 

LINDBERG. F. C Hibbing, Minn. 

MACKIE. E. .M Chicago, Ills. 

MANEY. E. J Duluth, Minn. 

MARS. WILLIAM P Duluth, Minn. 

.MATTHEWS. WM. C Wilmington. DeL 

MYERS. W. R Ishpeming. Mich. 

MINER, ANSON B Ishpeming. Mich. 

MITCHELU W.M. A Chicago, IIU. 

MONROE. W. G Iron Mountain. Mich. 

MOORE, CLARENCE Virginia. Minn. 

MORGAN. DAVID T IshpenUng. Mich. 

MOW ATT, NEVILLE P Houghton. Mi<^ 

MUNGER, CHARLES H Duhith, Minn. 

McCORKINDALE. W. J Ishpeming. Mich. 

MCDONALD D. B Virginia, Minn. 
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Mcdowell, JOHN Hibblng, Minn. 

M'GKE, M. B Crystal Falls, Mich. 

M'GREGOR, SILAS J Iron Mountain, Mich. 

McLaughlin, H iron Mountain, Mich. 

McLEAN, JOHN H Duluth, Minn. 

McNAIR, F. W Houghton, Mich. 

NEWETT, GEORGE A Ishpeming, Mich. 

NINNESS, EDMUND Ironwood, Mich. 

NORMAN, J. L Duluth, Minn. 

OLCOTT, WILLIAM J Duluth, Minn. 

ORR, FRANK D Duluth, Minn. 

PASCOE, PETER W Republic, Mich. 

PASCOE, WILLIAM Republic, Mich. 

PENTECOST, JOHN Calumet, Mich. 

PHILLIPS, W. G Calnpet, Mich. 

PRESCOTT, FRED M Milwaukee, Wis. 

PRESHO, E. W Hughton, Mich. 

POWELL, D. W Marquette, Mich. 

QUINE, JOHN T Ishpeming, Mich. 

QTINLAN, J. H Houghton, Mich. 

QUINN, JOHN H Ishpeming, Mich. 

RAISHLEIGH, WM Aurora, Minn. 

RAISKY, F. H Ishpeming, Mich. 

READY, CHAS. W Chicago, Ills. 

RICHARDS, waLLIAM J Crystal Falls, Mich. 

RODERTS, HARRY Duluth, Minn. 

ROBERTS, RICHARD Negaunee, Mich. 

ROBINSON, JAMES A Hibblng, Minn. 

ROSS. D. E Eveleth, Minn. 

ROUGH, JAMES H Negaunee, Mich. 

RUMSEY, SPENCER S Duluth, Minn. 

RUNDLE, A. J Iron Mountain, Mich. 

RUSSELL, C. W Detroit, Mich. 

SAMPSON J. D Ashland, Wis. 

SAVAGE, J. A Hibblng, Minn. 

SCHULZE. W. J Virginia, Minn. 

SHEA, JOHN Negaunee, Mich. 

SHERRERD, JOHN M High Bridge, N. J. 

SHIELDS, IRVIN J Duluth, Minn. 

SHIPMAN, CHARLES G Ely, Minn. 

SllUBERT, GEO. P Houghton, Mich. 

SIEBENTHAL, W. A Republic, Mich. 

SILLIMAN, A. P Klbbing, Minn. 

SISLEY, GEO. E Chicago, Ills, 
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SKINNER, M. B Chicago. Ills. 

SLAUGHTER. W. F. Republic, Mich. 

SMITH. W. J Mohawk. Minn. 

SMITH. GEORGE M Duluth, Minn. 

SOADY, HARRT Iron Mountain, Mich. 

SPITZER. J. D Ishpeming. Midi. 

SPORLEY, CHARLES L. Negaunee. Midi. 

STEPHENS, JAMES lahpemlng. Mich. 

STOEK. H. H Scranton, Pa. 

SULUVAN, P. J Ironwood. Mich. 

SUTHERLAND, D. E Ironwood. Mich. 

SUTHERLAND. W. G Eveloth, Minn. 

SWAIN, R. A Duluth, Minn. 

SWIFT, GEORGE D Duluth, Minn. 

TARR. S. W Duluth, Minn. 

TAPPAN, WILLIAM M Hibbing, Minn. 

THOMPSON, G. H Hibbing, Bfinn. 

THOMPSON. HENRY 8 Beacon. MidL 

TILLSON. F. P Ishpeming. Mich. 

TREBILCOCK, JOHN Ishpeming, Mich 

TREZONA. CHARLES Ely, Minn. 

TRIPP. CHARLES D Chicago. lite. 

TRUETTNER. IRVING W Bessemer, Mich. 

UREN, WILLIAM J Calumet, Mich. 

VANDEVENTER. JOSEPH Ishpeming. Mich, 

VAN HAGEN. G. E Chicago. Ills. 

VAN VALKENBURG. ALLEN J Chicago. Ills. 

VOGEL, FELIX A New York City, N. Y. 

WARE. J. F Dayton, Ohio. 

WARREN, O. B Hibbing, Minn. 

WEBB, CHARLES E Houghton, Mich. 

WELKER. W. F Ashland, Wis. 

WBNSHEIMER, E. C Ishpeming, Mich. 

WESSINGER. H. J Duluth. Minn. 

WEST. WM. J Hibbing, Minn. 

WHITEHEAD. L. G Duluth. Minn. 

WILLIAMS. J. P SchuUsburg, Wis. 

WINCHELL. N. H Minneapolis. Minn. 

WIVELL, WILUAM Nashwauk. Minn. 

WOLVIN. A. B Duluth. Minn. 

WOODBRIDGE. D. E Duluth. Minn. 

yUNGPLVTH, A. J. ...,....,..,,,,,,,.,,., I»bpemllif, MICb. 
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MINE WATERS. 

By Alfred C. Lane. 
(WiUi Cfaemical AsBistance Especially of Dr. Q. Fernekes.) 

INTRODUCTION. 

Some two years ago* I brought the question of the chemi- 
cal character of the deeper mine waters to the attention of tlie 
members of the Lake Superior Mining Institute. As a result 
quite a body of facts was with their help obtained which lead to 
some conclusions which are practical and ''important if 
true". I will summarize some of these beginning with those 
which are most firmly established. 

GENERAL INFERENCES. 

1. Both m the iron country and in the copper country tlie 
surface waters are soft as compared with those of the Mississi- 
ippi valley. 

2. Both in the iron country and copper country, with in- 
creasing depth the amount of chlorine increases, and in time 
becomes more than enough to combine with the sodium. The 
calcium (lime) rises, too, so that we may say that calcium 
chloride is present. Such waters are extremely corrosive on 
lM>ilers and pumps, and of course hard. 

3. In this presence of calcium chloride they resemble 
waters which are found in the older rocks all over the Miss- 
issippi valley, in fact more or less all over the world. They 
seem to have been in part at least buried with the strata* Such 
waters laid down with the strata when they were laid down 
may be called connate waters, for short. 

^Volume Xn, U 8. H. L pp. 1S4-16S. 
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4. Flows of the deeper or connate water decrease and gen- 
erally soon drain off. 

5. The strength of these connate waters varies greatly, but 
below 1500 feet it is not uncommon to find them stronger than 
sea water. 

6. Both iron and copper deposits are found in chutes of 
waters working downward. 

7. In both cases there is a tendency to accumulate iron 
oxide in place of sodium silicate which goes into solution, the 
silica being later precipitated and the sodium remaining as sod- 
ium chloride in solution taking the place of calcium chloride. 

8. In both cases, but more especially in the copper country 
the downward wandering of the surface water may be not 
wholly a mere up and down circulation, hut an absorption of 
water by the strata, like a sponge. To such an extent as this 
is tnie the formation of ore chutes is not limited by any chance 
for circulating waters to escape, but may extend to an indefinite 
depth, after passing a zone of greatest richness. 

9. In both cases the downward course of the water and the 
fonnation above is likely to be more active where the surface 
lc)ix)graphy favors it, under high ground for instance. But such 
a feature is by no means the only or most important factor. A 
porous or fractured condition of the beds aiding circulation, 
and impervious dikes or clay seams to concentrate and g^ide 
the flow are also important, and there is no reason why ore 
chutes may not occur under low ground. 

Of course in details of reaction, deposition, and structure 
the copper and iron countries differ very widely, and I do not 
know anything about the mine waters of Minnesota, which 
may introduce entirely new factors. It seems therefore better 
at present to separate our handling and treat the waters of 
the iron country and the copper country separately. 

Before final publication some tests of mine waters have 
l>ccn added. 

To properly treat and present various tests and analyses 
variously incomplete, by various men and at various times is 
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not very easy. It has seemed on the whole best to give all the 
references that I know to Lake Superior mine waters in a 
nearly historical order, with the original figures, conditions of 
sampling and occurrence, authorities, etc., distinguishing as 
carefully as possible the results of computations, and then to 
follow this with a discussion of what seem to me the siginficant 
facts. 

It will be noticed that most, if not all, the organic matter 
and ammonia will be eliminated from the total solids heated to 
incipient fusion, and that any remainder might be more than 
balanced by loss of chlorine and CO2. Thus extremely small 
differences between total solids and the sum of the constitu- 
ents determined do not of necessity imply that such constituents 
were not present. 

Since in these studies we have to guard against being mis- 
led by the effects of human contaminations, nitroglycerine 
fumes and urine, it may be well to include an analysis of a 
urine* made by Parkes as follows : 

Water 1500 grains contains 

total solids 72 made up as follows : 

I lydrocarbons. 

Urea C O H^No 33.18 

Uric acid C5H4 N4O, 555 

Hippuric acid QH^NOj 400 

Kreatinin C4H7NJO 910 

Pigment 10. 

Sulpliuric acid 2.012 

Phosphoric acid 3-164 

Chlorine 7.000 

Ammonia 770 

Potassium 2.500 

Sodium 1 1.090 

Calcium 260 

Magnesium 207 

SiOa, Fe trace 

Nitrates, sugar, gases, etc small 

Normal urine varies in concentration from Sp. Gr. 1.015 
^From the New Intenudioiua Cyclopedia. 
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to 1.025. It is quite clear that no serious adulteration with 
urine or nitroglycerine could be introduced without introduc- 
ing quantities of nitrogen in some shape — it might be oxidized 
to nitrates that should be recognizable. It is also clear that 
the tendency of such adulteration will be to increase the rela- 
tive proportions of sodium. 

No such adulteration can change our general results. 

I. IRON COUNTRY MINE WATERS. 

The first definite indication of calcium chloride waters in 
the iron mines came to my attention in testing to see whence a 
flood of water in the lower levels of the Vulcan mine might 
have come. From the analysis of this water, page 155 of the 
annual report for 1903, taken in connection with the surface 
water analyses (p. 156) I inferred an admixture of a 
small quantity of calcium chloride water, and that there was no 
direct connection with the surface, or the alkalis would be 
higher. I suspected this flood to be connected with caverns in 
the Randville dolomite, and it is said (priv. com. W. Kelly) 
to come from the talcose underlying schists. 

The temperature of the water at the 12th level, 1,000 feet 
from the surface, was: at the shaft, 57.^2 F. ; at the first 
winze, about 100 feet west of the shaft, 60. °6; and the west 
end, almost 300 feet west of the shafts, 58.2°. (See annual for 
1 90 1, p. 246). According to the observations there, the mine 
water at 1,210 feet was 56°, and at 270 feet, 45. °8. This 
water is then, abnormally warm — either from working up(?) 
or the heat from casing, friction and decayed timber. 

The question arose whether it had any immediate surface 
source, and accordingly, analyses were made of the surface 
waters, which will be found in the Annual for 1903, p. 156. In 
them the chlorine is from 3.8 per million down, the alkalis high. 

In this flood water* the output increased from 600 gallons 
per minute to 2,000, the increase being from a flow of water 
in the pump station on the isth level. About Dec. 10, a sam- 



♦Priv. Com. Agent W. KeHy, Mar 10, 1907, and earlier. 
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pie was taken and analyzed, column (i). On March 19, 1904, 
it reached a maximum of 2,807 gallons and has since fallen off 
fairly steadily, being not much affected by the seasons. By 
March 26, 1907, the flow had fallen to about 1,000 gallons 
per minute when it was analyzed again by Dr. G. Femckcs 
with the results given in column 2. The decrease was prin- 
cipally in the flow in the 15th level pump station which "comes 
from the talcose slates underlying the north ore formation".^ 
In the mean time at the west end of the 15th level a flow was 
struck "coming from the slates overlying the north ore forma- 
tion", 1,300 feet west, about Sept. i, 1906, amounting to about 
J50 gallons a minute, and this was tested, analysis 3.2 Compar- 
ing these Vulcan analyses i, 2 and 3, it is clear that the hard- 
ness remains fairly constant, and there is always practically 
all the bicarbonate it can hold if there is no excess of CO2,' 
but with time and the addition of the new sources at the west 
end the chloride is dropped, the alkalies rose and approached 
the amount in the surface waters. Judging from the analyses 
of the talcose schists given by Bayley (loc. cit.) the alkalies 
are not leached from them or the Randville dolomite, and the 
first water struck which had no alkali secined to come from 
that direction. The abundance of potassium relative to sod- 
ium column 2, may be connected with the fact (loc. cit. p. 
379-389) that potash was found in 11 of 15 samples of ore 
analyzed, soda in but five and generally seems less abundant in 
the ore. The later analyses and the exhaustion of the flood 
which has come to pass show quite clearly that no mistake 
was made in inferring from the analysis that it was not di- 
rectly from the surface and would run down. 

Analysis (i) has the characteristic of the early connate 
waters, chlorine high relative to sodium. 



1 U. S. G. 8. Mono. 46 by Bayley, p. SSl-S. p. 462. 

2 Analysed by G. Fernekea, Blay 10, 1907. 

3 Volume VIII. Pfirt 3. •sturatlon la 96 partf per million Ca, 105 
ilxed» 210 total CQ2, 
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VULCAN MINE WATERS. 

I 2 3 

Insoluble matter, clay & Si02 4.4 

Solid solubles 340.00 344.00 303.63 

Organic matter 52.3 

Carbon dioxide 37.3 163.00 171.00 

Non volatile solids 250.4 

In solution. 

SiOg 5.8 9.8 11.2 

AU O3 4.4 18.2 1.7 

FegOg trace 

Ca 60.3 62.29 62.3 

Mg 37.7 28.20 30.5 

SO4 43.0 13.14 11.2 

CI 61. 18.68 

K trace ? 13. 3.7 

Na K p. n. d tr. 6. 11.03 

Sr. Li o 

Total by addition 209.2 332.31 

Diff., organic, and undetermined 

Li, Ba, Cr, etc 1 1.96 

Analyses in parts per million. Analyst, for i and 2, G. 
r^ernckes. Location given above. 

In the same way the Ishpeming mine water (loc. cit. p. 
157), given below, shows a greater amount of chlorides than 
is at all nonnal to the superficial waters of the Upper Peninsu- 
la, though not so much that it might not be attributed to or- 
ganic contamination, which however, the geological condi- 
tions render unlikely. 

An Ishpeming mine water, collected by A. Fomiis, coming 
out of a diamond drill hole at a depth of 825 feet, gave the 
following results : 

I 2 

Lime as carbonate .• 15.8 

Oxide detemiined 31.3 

^lagnesium as carbonate 17.0 

Oxide determined 8.1 

Oxide determined 7 

Iron and alumina carbonate 5 
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Oxide determined 34.3 

Recjuiring COj 33.2 

Total encrusting solids 73.3 

Chlorides as sodium chloride 56.2 

Chlorine determined^ 34 

Sulphates as sodium sulphate 67.0 

S O3 determined 33.4 

Total corrosive solids 123.2 

Silica 10.5 

Water of crystallization^ 3.2 

Excess of COj i.i 

Combined CO, 33.2 

Sodium chloride 56.2 

Organic matter by difference from ignition loss 19.9 

19.9. Ignition loss 1 13.6 

Total by computation 229.1 

Total by evaporation at 105® C 232.2 

Difference (minor errors, extra weight of potash over 
scxla and undetermined) 3.1 

.Analysis by Kirschbraum, computation by A. C. L. 

I took, myself, with Mr. E. A. Separk, the chemist, a sam- 
ple of water from the Aurora mine, Gogebic range, 200 feet 
west from A shaft about 900 feet down, on the fifth level at a 
point which had been opened five months. The temperature 
of the water as taken was 67° F. ; of the drift at a dryer place 
57^ F. The water was coming down on top of the 60-foot 
kat>linized dike which crosses the fonnation there. 

The analysis is as follows : 

December 8, 1904. 
Sample marked — Oliver Mining Co., Aurora mine water, 

Ironwood, Michigan. 

Grams per Ton. 

Total solids 1420 

Loss on ignition 544 

1 The sulphates are prohahly in large part cakium aulphate, etc^ 
and the soda correspondingly carhonate, reducing the amount of crys- 
UUixatlon water. 
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Silica 122 

Iron and aluminum oxides 012 

Lime 354 

Magnesia , 150 

Sulphuric anhydride 044 

Chlorine ,. 160 

Sodium oxide 037 

Carbon dioxide 510 

Organic matter 034 

F. K. Ovitz, Analyst. 

Upon evaporating fifty cc. of the water to which a few 
drops of hydrochloric acid had been added to three or four cc. 
the spectroscope showed no test for potassium. No phosphor- 
ous was found. The organic matter is taken as difference be- 
tween loss on ignition and carbon dioxide. 

We may suppose this combined as : 

CaS04 8 grams per ton 

NaCl 7.0 

CaCla 18.3 

CaCOa 46.6 

MgCOs 48.3 

FeCOa 1-7 

SiOa 12.2 

Organic 3.4 

CO2 4.7 

143.0 

Here again while the total solids are not greater than 
might be found in any surface water, and the chlorine not 
greater than might have been artifically introduced, the amount 
of chlorine is more than twice what can be combined with the 
alkalies (Na : CI :: 23 ; 35.5 :: .0037 : .0057) and the pres- 
ence of calcium chloride and the admixture of a small quantity 
of water containing this in solution must be inferred. The bulk 
of the water is percolating downward no doubt. 

Sometimes the amount of residual chlorine is so great as to 
affect the use of the mine waters in boilers. This instigated the 
following tests of the Hurley (Superior and Ottawa) mine 
waters given me by Mr, Geo, H. Abeel. 
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The chlorine is sometimes said to be "free" but I think this 
really rteans in the boiler. Of course a weak solution of cal- 
cium or magnesium chloride may also be considered as a solu- 
tion of calcium or magnesium hydrate and H CI. 

These tests were made for the Wickes Brothers, boiler 
manufacturers. No. i is of a sample taken from boiler at the 
end of the usual running period ; No. 2 from the heater during 
operation; No. 3 of the raw (mine) water delivered to heater. 
It may be added that the water from the fifth level shows no 
free acid, and only .34 grains of chlorine per U. S. gallon. The 
chlorine is said to have become noticeable at 400 feet depth. 
The boiler water has also no free acid according to another 
report but 15.04 grains per U. S. gallon or 258 per million of 
chlorine. 

I 2 3 

Mineral matter 4379* i8.88* I479* 

Organic matter 17-98 4.3S 3.19 

Mg 78 .58 .49 

Iron and alumina 116 .058 .174 

(.\ trace of iron) 

Ca 11.09 2-59 2.31 

SO3 6.04 1.87 2.4 

CI 13.92 3.94 3.48 

Oil present present present 

Reaction acid acid 

Solids suspended 5.5 

Iron in combination with oxygen or sulphur. 

Additional tests at the Yale mine obtained through Mr. 
Abeel give the following results: 
New or West Colby at 9th level 40 parts per million chlorine 

Yale down to 15th level 225 parts per million 

Yale down to 20th level 709 

Yale loth down to 20th level. 1070 parts {kt million Cl;Ca 429 

The upper two tests by E. B. Smith, the lower two by 
Koch. 

I have l)een on the watch for something stronger. This 
I was enabled to obtain through the kindness of Peter W. 

^be flgurep ar^ in gnUnp per y. 8. siUloii. 
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Pascoe of the Republic mine, who reported such a water at a 
vertical depth of 1153 feet from the surface in the i6th level, 
600 feet northwest of the No. 9 shaft. With Messrs. Sieben- 
thal, Slaughter and Pascoe I visited several places in the deeper 
part of the mine where saline waters came in, testing with total 
reflectometer and urinometer, and taking a sample of the 
strongest. 

At 1 1 53 feet down, 600 feet northwest of the No. 9 shaft 
a drip from a drill hole and fissure which has a temperature of 
55"^ F, precipitated iron freely on the floor of the drift, seemed 
fresh and showed an index of refraction, near that of fresh 
water corresponding to a Sp. Gr. of 1.009 ^^ ^o- O^ ^^^ ^435" 
foot level, say 100 feet from No. 9 shaft, was another flow, 
temperature 59° and there was a still more appreciable amount 
of salt. On the 17 10 level near the Pascoe or south end of the 
mine the strongest water was almost drained oflf* from a fis- 
sure making an angle of 32^ with the drift, dipping 24° or so 
north of west. The temperature was 57^ to 57^^, the Sp. Gr. 
l)y urinometer 1.025 to 1.027. The analysis by Dr. G. Fer- 
nekes is as follows: 

Parts per million grams per ton. 

Ca 7,902 

Na 7,290 

Mg 566 

CI 25,360 

SO4 1,04s 

CO2 not determined 

AI2 O3 700 

Mn tr 

Fe tr 

Sum 42,863 

Total solids 4S,590 

We may for comparison suppose this combined as: 

Na CI 18,510 

Ca CI2 21,800 

*It Is characteristic of the strong calcium chloride waters that they 
appear in limited quantity. More than once I have heen told of one 
by a mining captain, and upon going to the place not found enough to 
test. Somewhere low^r we might find it. 
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CaS04 822 

MgS04 381 

MgCOs 1,560 

AI2O3 700 

Fe, Mn, SiOj, etc 1,617 



4S»590 

From the Champion Iron mine a sample was sent in by the 
agent, W. H. Johnston, which came from the 28th level, 800 
feet east of No. 5 shaft. It gave the following results : 

Sp. Gr. 1.0037. This would correspond to about .5% 
CaClj and .51 NaCI. 

Per Grams per Ton 
Total solids by evaporation, including combined 

and crystal water 7,100 

Chlorine CI 3»050 

Calcium Ca 810 

Sulphate iron SO4 370 

Alumina Al O3 present 

Carbonates COj very low 

Iron o 

M. A. Cobb, Analyst. 
This may l)e assumed to be : 

Sdlium and magnesium chloride 3.120 

Calcium chloride 1,780 

Calcium sulphate 520 

Calcium carbonates 00 

Balance of solids on evaporation mainly crystal 
water united with calcium sulphates and 
chloride 1,680 



7.100 
The ratio of Ca ; CI = .27 is not very far from that of 
the Republic sample just cited (.313). 

Salt water is also said to have come out of a drill hole 
south from the 17th level No. 4 shaft and no doubt traces of 
calcium chloride water could have been found higher up if 
tested for. It must not be forgotten that we get news of it 
only when it gets so strong as to appreciably affect boiler 
waters. 
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n. COPPER COUNTRY WATERS. 

1. The fir^t published analysis of Lake Superior mine 
waters of which I know is that of Silver Islet, within sight of 
Isle Royale but on the Canadian side of the boundary.^ 

2. I am told*, however, that notably salt water was about 
the same time struck in the Cliff mine at about sea level and 
that Mr. L. G. Emerson, one of the more prominent of the 
early engineers who assisted R. Pumpelly in the preparation of 
Volume I of these reports, took samples of the same and made 
some tests, but I have found no printed reference to the same. 
It was probably struck therefore about 1879. 

The water in the Silver Islet mine** was noted also for the 
presence of combustible gas, which came in vugs penetrated 
by drills with salt water below 500 feet. Two gallons gave a 
pint of acid and deliquescent calcium chloride. 

The salt water I am informed by W. M. Courtis, who was 
employed as chemist there, came in a bore hole on the north side 
of the shaft at the 9th level (560 feet from the surface) in 
1878. At the request of Dr. Selwyn a sample was collected by 
Mr. Tretheway and analyzed by G. C. Hoffman in 1882. 

The results were as follows : 

I. Total dissolved solids by drying at i8o^C. 39.9566 per 
thousand. 

Potassium chloride 4582 

Sodium chloride 16.8098 

Calcium chloride 17.0867 

Magnesium chloride l«2937 

1 This should perhaps be geologically included with the iron coun- 
try waters as it occurs in Huronian rocks, but it is very strong and 
may be associated with a Keweenawan intrusive. 

*W. W. Stockley says at about sea level. Johnson Vivian, says 
1800 feet down. The plan of the mine in the Min. Stat, report tor 
1880 shows the bottom of the mine at the 2200 bottom level, 1680 below 
the top of the greenstone, and it was soon after abandoned, the vein 
being a "cold green quartzite", the rocks much slicken sided and 
niuddy. 

**See Canada Geological Reports H. 1887, p. 28, 58. 
W. McDermott, Eng. & M. J., Feb. 3, 77, p. 53. 
T. Macfarlano, Trans. A. I. M. E., VIII, 1880, p. 226; XVH, p. 296, 
•and earlier volumes, i. e., IV, V, IX, XV, p. 671. 
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Calcium sulphate 0672 

Calcium carbonate 2936 

Silica 0540 

Sum 36.0632 

Comment and Calculated Figures. 
The difference between the solids and the sum is quite prob- 
ably in large part crystal water. 
We calculate. 

CI 22.53 

Na 6.45 

Ca 6.23 

SO4 047 

CO, 177 

Na : CI .287 

Combustible gas is often found in old mine workings and 
some of the best informed men, who have had painful experi- 
ence with it do not think it comes from decaying mine timber 
and the like. 

Dr. R. T. Qiamberlin has found gases absorbed in the 
nxk of fresh drill cores, taken far from the present surface. 

3 and 4. Franklin mine. The next analysis published and 
the first I personally heard of was the one made by Prof. R. L. 
Packard, of water reported by an error as from the Huron 
mine, in Wadsworth's annual report for 1892, p. 174. 

Tlie full figures, both of the analysis of the mine water and 
of the boiler water are given below. 

Attention was first called to it and the analysis made be- 
cause of the trouble it made in the boilers. This was when the 
mine was down to the 25th or 26th level (1610' on the lo<le) 
alx>ut 1300' below the surface. I am assureil* by Capt. Vivian 
that the sample was really from the Franklin. 



• Houghton, Dec. 12. 1905. 

The water from the Franklin mine that was analyied hy Prof. 
Packard was taken. I think, from- a depth of ahout 2.800 feet on the 
line of the lode which dipe 54 degrees. It was about the average of 
the mine from a depth of about 2.500 feet to where it was taken. Prom 
the surface to a depth at 1.500 or 1.600 feet the water was as It seems 
good enough to drink. I remember hearing Mr. L. O. Emerson say that 
the first water of the kind that we had In the Franklin was found In 
the Cliff mine at a depth of 1.800 feet perpendicular. 

Yours respectfully. 

(Signed) J. VIVIAN. 
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The water from the boiler contained a large quantity of 
salts in solution besides a large sediment. 

"Its specific gravity was i. 04951, and on evaporation it left 
a residue, deposited from solution, of 69.09 grammes per 1,000 
grammes of water, or 4027 grains per gallon. Disregarding 
the sediment, the residue left insoluble on evaporating to dry- 
ness and the organic matter the water contained in 1,000 parts. 

Chlorine 39-171 

Lime 14727 

Magnesia 144 

Sulphuric acid (SO3) 417 

Carbonic acid (combined) no 

Potassa 850 

Soda 17-651 

These figures may be combined as follows : 

Sodium chloride (common salt) 33*265 

Calcium chloride 30.467 

Potassium chloride 1-345 

Calcium sulphate 622 

Magnesium suphate 078 

Magnesium carbonate 248 

**The mine water had a specific gravity of 1.00647 2i"d con- 
tained 8.515 grammes of soluble salts in 1,000 grammes of 
water, or 496 grains to the gallon. Neglecting the organic 
matter and insoluble residue the water contained in i.ooo parts. 

Chlorine 4-739 Sodium chloride 4.021 

Lime 1-9293 Calcium chloride 3-553 

Magnesia 0493 Potassium chloride . . . .163 

Sulphuric acid 145 or Calcium carbonate 056 

Combined carbonic Calcium sulphate 247 

acid 079 Magnesium carbonate.. .104 

Soda 2.132 

Potassa 103 

Very truly yours, 

(Signed) R. L. PACKARD." 

COMMENTS AND COMPUTATIONS. 

The ratio of K : Na : CI in the boiler water and mine 
water is practically the same. Some sulphate and carbonate 
of lime and magnesia have been deposited as scale from the 
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lK)iler water, but oii the whole they clieck each other up very 
well, and we have: 

4. CI 4-739 l>cr thousand 

Na 1.583 

Ca 1.378 

K 086 

Mr . ; 030 

Fe, W, Si p.n.d. compare following analysis. 
Organic 

CO3 088 

SO4 174 

8.078 
Undetermined 0-437 

Total solids 8.515 

Na:Cl 33 

Ca:Cl 29 

5. Franklin mine. Some time in the 8o's another analysis 
was made of the Franklin mine^ water, as follows : 

Franklin Copper Mine Company — 

U. S. Gallon, 
grains. 

Silica 7-813 

Iron sesquioxide 1.022 

Alumina 932 

Lime 63.91 1 

Magnesia 5-463 

Potassa 5.433 

Scxla 59-952 

Carbonic acid i»94S 

Sulphuric acid (SO3) 10.596 

Chlorine 156.828 

Organic matter 1566 

Total 315.461 

COMMENT AND COMPIJTATION. 

This is very much like 4, contains a little less sodium in 



1 Messrs. Clow %l Son got this made in Chicago bat never gsTe the 
name of the man that made it— J. VlTian. 
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proportion, but otherwise, and even in minor ingredients pot- 
ash, magnesia, carbonate and sulphate checks with No. 4 quite 
well . This, like 3 and 4, is in analysis of the mine water as 
pumped and contains the deeper water considerably diluted, 
and no doubt was essentially a boiler water analysis. 

5. We compute: 

CI 2.694 per thousand 

Na 763 

Ca 784 

Mg 056 

K 077 

Fe 012 

Al 016 

Si 134 

CO3 046 

SO4 213 

Organic .027 

Sum 4.827 

Na : CK .283 

It comes from the same general lode and horizon as the 
Quincy mine waters analyzed by Koenig, Fernekes and Steiger 
l>elow, and the water from seams in the Franklin Junior cross- 
cut (analyses 86-88) is also from geologically a similar hori- 
zon and depth. The relatively greater amount of sodium as 
compared with them is marked. 

G. A. KOENIG, ANALYST. 

6. Tamarack Pond. The next analyses made may have 
been some by G. L. Heath, of the Calumet & Hecla mine water, 
but I will first give tests by Dr. G. A. Koenig of the water of 
the Tamarack mine, as it contaminated the pond from which 
the boiler water was taken. There is an error in copying the 
figures below, probably in the calcium carbonate, and the orig- 
inal figures cannot be found. The water was white, qpalescent, 
neutral, boiling gives a white precipitate and the reaction be- 
comes alkaline. 
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Total 79544 P^r thousand 

(CO:^ as) CaCOs 254 

CaCIj 19564 

MgCl, 0608 

SiO, 0215 

NaCl 2603 

Na2S04 0242 

Sum 81644 

Organic matter , p. n. d. 

Bromine p. n. d. 

This may be computed as : 

CI 33990 

Na 08904 

Ca 17073 ? Probably .15073 

Mg 02408 

SiO, 02150 

CO, 15384 ? 

SO4 01635 

Sum 81544 

.79544 
Na : a 264 

In this pond water the deep mine water is diluted with sur- 
face water rich in lime carbonate but not in sodium silicate as 
is the case in analyses 4 and 5, where it is diluted with the 
upixrr level mine waters. The kind of water which is thus 
diluted as is shown by Wilson's analysis 22. 

7. Quincy Mine. Dr. Koenig made some tests on a deep 
water fn>m the 47th level of the Quincy running into a sump 
on the 50th level, given in our annual report for 1903, p. 243, 
as follows : 

Sp. Gr 1. 1898 

CaCl, 179.1 per thousand 

NaCl 29.6* 

MgCl, o 

SO3 o 

CO, o 

•Misprinted 2.96 In the 1903 uuuial report, p. 243. 
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Fe 004 

Cu 009 

The Sp. Gr. would indicate 216.27 grams per kilo of 
CaClg. We may compute this as : 

CI 132.S 

Na 1 1.7 

Ca 64.5 



208.7 
Na : CI .0885. 

This is essentially the same as the water obtained by G. 
Fernekes from the pump at the 62nd level, and as tested by 
Geo. E. Steiger, U. S. G. S. Bull. 330, p. 144, and the dis- 
crepancies are due to the difficulty of determining small quan- 
tities of other things beside such large quantities of calcium 
chloride. After running along the level the copper dropped to 
7 grams per ton. 

8. Freda. Dr. Koenig also made some tests of the water 
of a deep well put down at Freda by the Copper Range Co., 
which, with the record of the well, are given in the 1903 
annual report. It is worth remembering that this is by the 
side of Lake Superior, five or six miles from the traps of the 
main copper range in the fonnation which I have concluded 
to call the Freda sandstone, the western sandstones of some 
writers, the Upper Keweenawan of Irving. The well all the 
way down was in red sandstones, red clays, and fine grained 
conglomerates, with a good proportion not only of felsites but 
of grains of more basic rocks. Computing the figures in ions 
we have: 

CI 40.42 

Na 7.60 

Ca 16.04 

Mn 57 

Mg 03 

K 30 

Br 21 to .35* 



65.17 
Na : CI .173. 



•Midland Chemical Co. 
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Si 



It is worth noting that the mudi ilccpcr welb at Lake 
Ltiuleri in (he casterti sandstunc art* not reptjrtcd to IiaiT 
stnick any salt water and the analyses {1903 report, pp. 163- 
164), show only a few, 52.69 parts per million of salt (sodium 
chloride). It IS said, however, that the 1200' well at Grand 
^Tarais struck salt waten A well at Pick ford put down in 
1907^ which reaches down into the Potsdam sandstone and 
has a heavy flow of water below i.ooo feet, probably at about 
i^oo feet, has nnly ,307 of CI witli .(/mq mineral constituents. 

Other tests of shallow mine waters mixed with surface 
waters, etCp, by Dr. G. A. Koenig are also given in tlie report 
for 1903: 

9, W^iiiona mine, (annual for 1903, p. 146), ' 

lO- Clark mine (annual for 1903, p. 143). 

11. Portage Lake water (annua] for 1903, p. 144). 

This lake receives the drainage of the Quincy and other 
mines. Compare 31 and 32, 

Other well water tests by him, and surface waters are given 
tliere, 

12. Arcadian shaft (annual report for 1903, p, 243). 
analyied Aug. 2^, 1898. The shaft was probably not over 250' 
deep. 

ANALYSES BY O. U UEATIL 

Tliruugh the courtesy of tlie Calumet & Hecla o0icers 1 
can rile varitnis analyses by the diemist^ most of them already 
published in previous reports. 

13. In the annual report for 1 903, pp* 143* 163, 164 are a 
numlier uf analyses of waters frum the sandstone around Lake 
Lintlern the strongest of them only .1842 grants per liter. The 
deepest wel! w-^as i .500 feet. Mr, G. L, Heath writes that ''na 
salt water was e^er fauml in it, the we!! is now filled up several 
hunclred feet so that they arc pumping from the upper 500 
feet:. 

**I think that the 1,500-foot well never did furnish much 
of the supply from the liottnm", 

14. In the rqK>rt for 1903 (p. 166) is also an analysis of 
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the water from the vertical, the Red Jacket (or "Whiting") 
shaft of the Calumet & Hecla Mining Co. A partial section 
of this shaft from the cc«npany officials is given in Volume V 
of our reports, which shows its general relation to the Calumet 
& Hecla conglomerate. It has been continued, and passes 
through the same at 3,287 feet, down to 4,960 feet. The up- 
per water is so far as possible cased out although there is more 
or less dripping, and the remaining water is so little that it 
needs no pump, but can be handled by a tank car, which 
automatically dumps the water at the top of the shaft. These 
salt waters are also hard on pumps so that the use of bailers 
has more than one advantage. 

No cfoubt a good part of the water comes through the lining 
of the shaft, for as Heath remarks* "the water pumped from 
the Hecla end of the mine at much less depth is even more 
saline — from above the 24th level it is bad. 

Capt. J. Pollard has shown me cubes of salt from the 9th 
level, several mm. in diameter, probably due to the slow oozing 
out and evaporation of the salt water. 

The Tamarack No. 3 shaft, Volume V, Part i, shows "salt 
water at 1,267 feet'' so that the water trom the Whiting and 
similar vertical shafts must not be ascribed to any one horizon. 

Mine water, C. & H. vertical shaft. Details of probable 

composition : 

Grains per U. 
S. gallon. 

Insoluble silica — in sediment 1.29 

Insoluble oxide of iron — in sediment 74 

Dissolved silica (Si02) 19 

Dissolved chloride of iron 26 

Zinc chloride (with trace nickel) 1.69 

Copper chloride (CuClg) 26 

Magnesium chloride 5.10 

Sodium chloride (salt) 109-37 

Potassium chloride 4.31 

Calcium chloride 182.87 

Calcium sulphate 3.23 

♦Letter, Feb. 22,. 1904. 
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Calchim carbonate (dissolved by free carbonic acid) 14.46 

Loss on ignition (actual determination) 63.0 

No lithium. Undetermined balance, traces carbon, etc. 

Sum of all constituents 386.77 

**Total solids" on evaporation as weighed. /oci4l{3^-S+ 

G. L. HEATH. 

The water was slightly alkaline, and owing to difficulty in 
weighing a hygroscopic brine residue like tliis Mr. Heath 
thinks the sum of constituents as reliable as total solids, since 
it is impossible to drive off the water without volatilizing other 
thing^. 

Comment and computations. 

The amount of calcium carbonate is nearly that of satura- 
tion with the bicarbonate. Bromine and fluorine were not deter- 
mined. 

14. We compute : 

CI 3.2632 

Na I-740 

Ca 1.2496 

Mg 0216 

K 0388 

Fe 0026 

Cu 0029 

Zn 0134 

CO3 149+ 

SO4 0392 

Na : CI .543. 
The amount of sodium is relatively very high. 

15. A stronger but yet mixed water derived by tapping 
the water that had accumulated in the Tamarack Junior mine 
is given by Mr. G. L. Heath, July 27, 1905. 

The original figures are : 

Sediment (over Yi iron oxide).. .03630 grams per kilo 

In clear water: 

Silica 0062 

Copper chloride 0022 

Ferrous chloride 0094 
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Zinc chloride 0016 

Magnesium chloride 0346 

Calcium sulphate 001 1 

Calcium carlx)nate 1409 

Calcium chloride 8.0912 

Strontium chloride 03152 

Lithium chloride 0038 

Potassium chloride 01174 

Potassium bromide 04736 

Sodium chloride 1.9687 

Sum 10.38662 

Organic matter by diff 1-3643 

Total solids 1 1.7509 

Direct approximate test: organic matter by loss on igni- 
tion of solids at redness i-3^8 

Comment and Computation. 

'J'he very small amount of sulphate is noteworthy, and the 
presence c)f strontium may be connected with it, for strontium 
sulphate is but very slightly soluble in salt solutions. 

Very rarely barite (and celestite?) are found in the Calu- 
met mine. 

15. We may compute: 

CI 6.421 

Na 0.776 

Ca 2.875 

Mg 009 

K 019 

Fe 006 

Cu 00144 

Zn 00076 

Sr 01742 

Li 00063 

CO, 084 ' 

S()4 001 

Na : CI .121. 
Ca : CI .448 

The sodium is lower. The Tamarack Junior was not rich. 

16. Calumet and Ilecla 3,000 feet. 
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None of the above analyses represent the lower mine water 
of the Calumet & Hecla. They merely represent the upper 
mine waters more or less contaminated with the lower. The 
following test is entirely different being of a sample taken for 
Prof. H. L. Smyth of Harvard, at 3.000 feet depth, vertical 
probably. Analysis made by Robert Forsjlh. The figures are: 
()(}.c)4 grams per liter solids of which — 

Ca 24.77 

Mg 0.06 

Na 12.14 

CI 61.97 

SO4 0.22 

Si O2 0.09 

Br IS 

Al 17 

99.57 
16. Assuming a Sp. Gr. of 1.05 we should find : 
Trtal solids 63.80 

CI 39.6 

Na 7.8 

Ca 15.9 

Mg 04 

SO4 14 

Si Oj 06 

Br 10 

AI II 

Sum 63.75 

Na : CI .199. 
Ca : CI .403. 

ANALYSES BY P. B. WILSON. 

When I came to prepare for my 1903 report my paper on 
the dejKJsition of copjier the distribution and chemical character 
of these mine waters assumed an importance for me that it had 
not heretofore and I made up my mind to make some personal 
tests and obtain samples. 

The first mine visited was the Wolverine. This is on the 
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Kearsarge lode, an amygdaloid which dips 40^-41°, but there 
have been a number of exploratory crosscuts. The Sp. Gr. of 
the water (at 48° F.) in the 

17. 8th level crosscut was 1,000 by urinometer. 

18. 13th level crosscut was 1,000 by urinometer. 

19. 17th level crosscut was 1,017 by urinometer. 

19. The samplei from the 17th level was tested by F. B. 
Wilson with the following results: 

Sp. Gr 1.022 

CI 15.2287 grams per liter 

Na 2.731 

Ca 6.300 

Mg 013 

SO4 0724 

Sum 24.3451 

We may compute this 

Na : CI 181 

NaCl 6.920 

CaClj 17.280 

MgClj 049 

Ca SO4 149 

Total 24.398 

This total agrees with the Sp. Gr. which I found. 
This agrees pretty closely with Fernekes' tests at the 20th 
level south, Wolverine No. 3. 

20. 24th level in lode (possibly some water working down 
through the slopes) 1.012 by urinometer. 

21. 29th level crosscut was 1.033. 

A some months later test (it may have evaporated) 1.041. 

Drops of water from the 17th and 29th levels (19) left to 
dry seemed to show the water of the 17th level to have rhombs 
of carlx>nate (CaCO.j) and cubes of salt more conspicuous and 
abundant. The 17th level water seemed (21) to show gypsum 
crystals, the 29th crystals with parallel extinction that might? 
l)e anhydrite. 



LAKE SUPERIOR MINING INSTITUTE. 87 

The residue from drop of water from the 29th level was 
notably more hygroscopic and deliquescent. 

The behavior agrees with what was found by Femekes, 
comparing the 20th and 26th levels. 

22. Tamarack mine, Osceola lode. 

Later that year in collecting the samples from the 30th 
level crosscut of Tamarack in connection with President Mc- 
Nair's gravity work, I had a good chance to get a sample from 
that depth. The results are as follows : 

22. Water from Tamarack mine, 4,300 feet down at 
1794-1,800 feet from shaft No. 2. Taken by A. C. Lane, 
Sept. 14, 1905. Analyzed by F. B. Wilson — ^letters of Oct. 8, 
9, 28 and Nov. 22. 

Wilson's determinations. 

Sp. Gr 1. 135 

Total solids at their x 

melting point I57>4i i-5 P^i" million grams per ton parts 

CI 97^963 

Ca 47,166 

Mg tr 

CO, o 

Ba & Sr by flame test 

on precipitate o 

Na 8,278 

K 837 

SO4 226 

N H4 CI by distillation* 2,456.7 

Whence we may compute (A. C. L.) — Na : CI =.085. 

NH, 829.8 

Total determined 

solids 155,299.8 

Undetermined (or- 
ganic matter crys- 
tal water traces of 
Fe, Mg, etc). 2,111.7 

Which may be combined as 

Ca CI, 1 30*508 requiring 83,436 Q, 

Ca SO4 320 
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Na CI 21,009 requiring 12,731 CI 

K CI 1,595 758 

NH^ CI 2,457 1*627 

156,478 98,552 
Excess of salts, short- 
age of CI, perhaps 
replaced by organ- 
ic acids 1. 169 • .589 

Organic matter leaves a small residue of carbon in the total 
solids. 

The Sp. Gr. agrees quite well with the total solids. The 
ratios are : 

Na : CI .0846 
Ca : CI .482 

A ratio of Na : CI like this (compare Wolverine No. 3 
shaft at the 30th level S.) seems to be that normal to the deep 
waters. 

This analysis has been cited by me in discussing the chem- 
ical evolution of the ocean.* 

2^' I also made urinometer tests of the waters at other 
points in the 29th and 30th level crosscuts but in every case 
noted they were stronger than 1.060 the limit of the urino- 
meter scal^. In particular is this true of water dripping from 
a winze up to the 29th level, about 400 feet from No. 2 shaft, 
which seemed to be between 1.08 and 1.16. 

24. As reported in Volume V in the Tamarack No. 3 
shaft salt water was struck at 1,267 feet depth, about the hori- 
zon of the Quincy lode,^ in an amygdaloid horizon much above 
the C. & H. 

25. One of the specimens, too, from Tamarack shaft No. 
4 from an ophite close above the Calumet & Hecla conglomer- 
ate — No. 16,472, ]4b72, though kept in our collection from 
1894 to 1906 was still damp and bitter with calcium chloride. 



*Jour. Geol. XIV (1906) p. 221, BuH. G. S. A. XVII (1906). 
1 Annual report for 1903, p. 258. 
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In fact I believe that President McNair has found this feature 
a serious difficulty in obtaining specific gravities very accur- 
ately. 

26. Osceola mine. As No. 22 conies l)et\veen the Osceola 
amygdaloid and Calumet & Ilecla conglomerate, we may here 
note that Prof. James Fisher of the M. C. M., reports salty 
water that was ix)pularly supposed to be depositing copier at 
the 26th level of the Osceola, following down the foot. 

30. Challenge mine. The Challenge mine at the 3rd level 
at about 700 feet from the surface is distinctly saline. Mr. F. 
B. Wilson found Ca .232 per thousand which is more than in 
the ordinary hard water, while the field assay outfit gave me 
CI 3.480 about. 

Later tests show even stronger waters in a crosscut at this 
level. 

The index of refraction is also distinctly greater than that 
of pure water, and corresponds to a specific gravity somewhere 
about 1. 01 5. The sample was not, however, so taken as to be 
free from possibility of urine contamination. 

BOILER WATERS. 

Before passing to the chief suite of analyses, that of Dr. G. 
Feniekes, it will be well to introduce for comparison a group 
of boiler water analyses from \V. A. Converse, of the Dear- 
born Drug & Qiemical Works. 

31. Is of Portage Lake at the Isle Royale mill, contamin- 
ated both with mine water and sewage. Compare II. 

32. At the Franklin mill, of the same body of water. 
They are both in a wider part of the lake and a little more 
dilute than the samples tested by Koenig.* 

33. Mass creek and mine. Taken while the mine water 
was yet fresh. Compare Frapwell's analyses (46. 50 53, 55), 
from the Mass mine. 

34. Michigan Copper Mining Co.. Rockland Spring is a 
tj-pical water of the drift or upper levels. One would expect, 
however, with so much sodium carbonate more silica. 



^Annual for 1903. p. 144. 
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35. Osceola stamp mill creek, contaminated but probably 
not with mine water as the lime does not go up. 

36. Creek at Painesdale (near Champion mine). Has 
the normal amount of chlorides ; no mine contamination. 

• 37. Creek at Tri-mountain, very much like 36, typical sur- 
face waters. 

38 and 39. Atlantic mine boiler water, a very similar sur- 
face water. The higher amount of chlorides is probably due to 
organic pollution. 

40. The Salmon Trout river at Baltic mill is another sur- 
face water just like 36 and 37. 

41. Spring near Quincy mill; is very low in hardness; 
reminds one of the sandstone waters, and is over the eastern 
sandstone ; a rain water ; the contamination is probably surface. 

42. Pond at Allouez mine; very soft; surface contamina- 
tion. 

43. Creek at Mohawk mine. 

44. Tobacco river, March 27, 1903. 

45. Tobacco river, April 6, 1904. 

Compare 44 and 45 with Koenig's analyses of Tobacco 
river annual for 1903, p. 145. 

These are not mine waters and are only introduced here to 
show what the mine waters would be if they were mainly 
made up of these surface waters and to show practically what 
may l)e expected by using surface waters instead. The normal 
analysis of a surface water is obviously : 

Ca 19 

Mg 4 

CI 3-5+ if contaminated. 

Na 2.34- if contaminated. 

SiOa 10. 

CO3 40 + 

. SO4 6 + 

(FeAl)2 O3 1.5 

Sum 86.3 per million. 
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SURFACE WATERS OF THE KEWEENAW RANGE.* 



Ca 

Mg .. .. 

Na 

K 

Fe Al O3. 
SiOa .. . 
Organic . 
CO3 .. .. 
SO4 .. . 

CI 

Loss . . . 
Sum . . . 



40. 

Baltic 

Salmon 

Trout 

River. 

• 193 
. 3-6 

. 2.3 



• 1-5 

.11. 
tr. 

•35-2 
. 4.0 

• 3-5 
. 1.6 
.82 



41. 

Quincy 

Mill 

Spring. 

8.6 

2.8 

4.5 



1.4 

II. 
(8)b 
16. 1 
6.0 
7.0 
.6 
58 



42. 

Allouez 
Min« 
Pond. 

6.9 
2-3 

4.6 

1-3 
4- 

16.6 

tr. 

7.0 

I.I 

43-8 



43. 

Cr«ek 
and 
Mine 

Mohawk, 
19.4 

3-4 
91 

5.6 
8.2 
(i8o)b 

31-4 

tr. 
14.0 

3-2 



44. 



46. 



Tobacco River 
March 27, April 6, 

1905. 

6.4 



1.6 
2.3 

II. I 
8.8 
(48)b 



1904. 
12.3 

4.4 



2.3 
3.5 

.8 
103.8(c) (4o)d 



1-5 
8.7 

261 

tr. 

6.9 

i.o 

64 



(a) Contaminated by Quincy mine water and sewage of 
Houghton, Hancock and Dollar Bay. 

(b) Not included in summation. 

(c) 130 parts per million suspended. 

(d) 20 parts per million suspended. Oxygen with Mg 
and Ca 3.6, organic acids combined with bases instead of CO^ 
and the sample is acid. 

TESTS BY A. P. FRAPWBLL. 

Mr. A. p. Frapwell, assistant in chemistry at Ann Arbor, 
1906-7, was with us in the summer, and I had him make the 
tests of the following table with the field assay outfit. They 
are arranged in the table according to decreasing amount of 
chloride. The Ca runs from 19 to 60, though the results are 
not very reliable. The same comment applies to SO4 deter- 
minations, as the electric cells were old. Still that would tend 
to give SO4 too high, and we may be sure that SO4 is at least 
as low as the low figures showTi. Of these waters Nos. 52, 53, 
57, 58, 59, 60, 61, 63, and 64 are surface waters and it will be 

♦Boiler water analyses by Dearborn Chemical Works, Chicago. 

Ck)inpare with 11 and 12, Annual for 1903, p. 144. 

24 and 25, 145. 

Compare with 22, Analyses of Boston pond at the Franklin Junior. 

Analyses of Boston pond at the Franklin Junior, p. 146. 

Compare with 14, Annual for 1903, p. 163. 

Compare with upper mine waters. Annual for 1903, pp. 135-167. 
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noticed that while 52 to 53 are probably contaminated and 
have 19 and 12 parts per million chlorine the rest have from 
3 to 6 parts of Q. The tests were made in August. 

46. Mass mine. Water from seam on 17th level is a 
typical lower water. This is the only one that showed an in- 
crease in Sp. Gr. which according to Frapwell was ( ? on i8th 
level) 1. 04 1 by urinometer, or about 5% solids. Compare 
with No. 50 and note that down to the loth level it is fresh. 

47. This was a sample sent in by Mr. Dennis from the 
Rhode Island mine on the Allouez conglomerate, at the 1,000' 
level. This was also tested by Femekes just as he was leaving 
and pronounced fresh. This is the same lode as the Franklin 
Junior is working and is about the same strength as that at the 
7th level according to Femekes. 

48. This water flows from diamond drill hole No. 5 of 
the Belt mine. It is 3,680 feet S. and 1,960 feet E. of the N. 
quarter post of Sec. 31, T. 51, R. 37, in a swamp 408' above 
Lake Superior. It was put down at an angle of 62^ 26' and 
it was 127' to bed rock, i. e. 112 feet vertical. The presence of 
sodium carbonate and its softness are noticeable. It flows 
nearly one cubic foot per minute at a temperature of 45° F. 
A similar water comes from a Calumet and Hecla drill hole. 
The conditions are favorable for a flow (see cross section Fig. 
I ), as the dip is to the north and there is a hill to the south. 
Taking the temperature and all considerations together, it is 
probable that the water comes in not below 5,207 feet of drill 
hole or 180 feet vertically, and it is interesting as showing how 
close to the surface the saline water comes where the hydro- 
static pressure is upward, even though shielded by drift from 
active circulation and with no great depth of circulation. 

49. The water of the Michigan mine, B shaft, down to 
the loth level inclusive, as pumped to surface. One is tempted 
to believe that there was also some turbidity here as well as 
in No. 51 counted in the sulphates. 

50. The water of Mass mine, C shaft, for the first thou- 
sand feet^ down to and including the 8th level. 
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51. Adventure Mining Co., No. 4 shaft, water as pumped 
down to the 8th level inclusive. This shows a little g^reater 
strength than No. 54. 

52. Rockland town pump, depth 25 feet. The chlorine 
here is possibly due to sewage contamination. 

53. Mass mine hospital well. The chlorine here is also, 
possibly sewage contamination, though very likely not recent, 

54. Adventure mine No. i shaft, water down to and in- 
cluding the 6th level. 

55. Mass mine, A shaft, water from seam in loth level. 

56. Adventure mine. No. 3 shaft, water as pumped down 
to and including 12th level. 

Taking such analyses as 54, 55, and 56, it is obvious that 
they are as good boiler water practically as the surface waters, 
and that 53 may have contained a good deal of mine water. 
Analyses 49, 50 and 51 begin to show contamination with 
chlorine, but on the whole the water is very fresh. Comparing 
them with drill hole water No. 48 we see the difference pro- 
(kiced by the topography, for the latter is in a valley in the 
rock surface, while the Mass, Michigan and Adventure mines 
are beneath high ground, on the sides of hills that rise a couple 
of hundred feet above the general level and 500 or 600 feet at 
least above the valleys of the rock surface. 

57. Greenland town pump, depth 25 feet, in the center of 
the town surrounded by houses. 

58. Well at carriage bam, Michigan mine. 

59. Boarding house well at Adventure. 

60. Surface spring top of Knowlton Hill. 

61. C. R. R. tank, near Belt station, surface springs on 
south front of Aztee hill, Sec. 31, T. 51 N., R. 37 E. 

62. This was sent in by Mr. Dennis from the Rhode Island 
mine from a diamond drill hole into the hanging of the 
Pewabic lode, and should be compared with tests at the 
Quincy and Franklin Junior mines. 

63. Well at dwelling house on a farm at Riddle Junction. 
This is in the drift in lake clays, and N. B. not marine clays. 

64. Spring near top of Flint Steel hill near road. This is 
practically a surface water having no g^eat depth. 
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FIGURE I. CroBB Rectlofn at Lake Copper CompaBj. Illustrating the 
flow at drill hole 5. 
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♦The SO4 determination was not accepted, as the water was very 
heavily charged with suspended matter. 

In the case of the 1st and 3rd determinations, If CaCl2 were pres- 
cnt, the dissociation theory might account for the abnormal results ob- 
tained in the tests for carbonates. 

The springs at top of Knowlton and Flint Steel Hills are on the 
road from Greenland to Rockland. When the water is said to come 
from more than one level, the tests were made on the water after It was 
l)umped to surface. 

xDrill hole, northwest into hanging. 

The amounts are in milligrams per liter. 

The methods are those of U. S. water supply paper, No. 151, FMeld 
Assay of Water. 
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DR. G. FERNERES ANALYSES. 

In talking over the matter with Dr. G. Fernekes, of the 
chemical department of, the College of Mines, he expressed a 
very keen interest and willingness to take the matter up more 
systematically. His experiments in reproducing copper were 
his own free contribution to the advancement of science, and 
he also made a series of tests of mine waters, which went far 
beyond what he was paid for. 

In all cases chlorine, calcium and total solids were deter- 
mined. In many cases computing sodium enough to satisfy 
the acid, made solids enough by summation very nearly to 
agree with those obtained by "heating to incipient fusion", 
which latter is the way the total solids were determined for the 
lower stronger waters. This gave results a "little too low" as 
"some of the calcium chloride was broken up". This method 
was not employed for the upper waters that might contain 
large proportions of carbonates. In a number of cases other 
substances were determined, the bromine most commonly. In 
a few cases exhaustive tests were made, and tests for copper 
and nickel more widely. Iron and alumina were measurable in 
the Quincy waters. 

The results are in grams per liter, oz. per cubic foot. Sp. 



1.24K) 




>^» 


/ 


1.100 




X 






10 


80 


30 



FIQURB n. 

Gr. was determined for about a dozen of the waters. As is 
shown by figure it pretty closely follows the rule that ten 

644471 
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eighths of the excess of Sp. Gn is the proportion of total solids. 
The NH3 was not titrated but distilled. Distillation tests 
failed to detect ammonia generally. 

Connecting the Sp. Gr. and the total solids the percentages 
are represented by abscissas from left to right, the specific 
gravity by ordinates. The total solids as here g^ven therefore 
will not include organic matter or ammonia, or a very small 
amount of the chlorine perhaps, but the moment we try to in- 
clude them in the total solids we find ourselves also including 
more or less crystal water 

TESTS OF THE BALTIC LODE. 

This is the lowest of the lodes. It lies between a conglom- 
erate (the Baltic conglomerate) as it is generally called (No. 
3) and a heavy ophite, known as the Mabb ophite, whose mot- 
tles are up to 7 mm. across. The distance above the conglom- 
erate varies, but is about (150) feet more or less, and it is 
170 to 200 feet below the ophite. It is no one well defined 
amygdaloid top to a flow but rather an impregnated shear zone 
or stock werk, copper being found over a belt more than 40 
feet wide. 

Besides Fernekes' tests see other tests and reports from 
the Baltic, Trimountain, Champion and Challenge shafts. 

(130-133)- 

65. Trimountain. On a visit to the Trimountain mine of 
the Copper Range Company, Sept. 4, 1906, I took a sample of 
salt water from 200 feet N. of shaft No. 3 S. 9th level in a 
lean streak of rock that comes under a cross seam which dips 
alxnit 45'' to the south. 

The Sp. Gr. as estimated in the mine was 1.078 at the mine 
temi)erature, probably about 51*^ F. 

Dr. Fernekes found, Sept. 8, 1906. 

Sp. Gr. 1.053 (=65.8 CaClg) 

Total solids 74-44 parts per thousand 

CI 46.02 

Na 3.36 

Ca 24.58 
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SO3 484 

Fe, Mg, CO2 tr. 



Sum 74-444 

We may compute: 

NaCl 8.54 

CaClj 63.90 

CaS04 823 

Kxcess of Ca combined with COj in part 1.28 



74.543 
Na : CI .076 
Ca : CI .535 
A larger sample taken for and tested by Dr. Femekcs was 
much less strong (perhaps this latter was of the water of the 
drift as a whole) as follows: 
66. Trimountain 9th level. 

CI 19874 per thousand 

Ca 9.000 

(to satisfy acids) Na 2.653 

Br 243 



31770 

Diff 230 

Total 32.000 

Na : CI .133 
Ca : CI .453 
Both in concentration and proportion of sodium this No. 
66 is of a distinctly higher type than No. 65, but as it was 
taken later, the water may have run down from a higher level. 
I have elsewhere noted that salt water was reported from this 
mine at the 6th level. 

The Baltic water appears to be fresher than the Trimoun- 
tain. The drift covering was much thinner, the bed rock sur- 
face higher and the lode on the whole richer. 

67. Baltic mine. 15th level. Dr. Femekcs reports: 

a 27*^ 

Ca 13.682 

Na 1.929 
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Br 0.3112 

Sum 43187 

Difference 813 (COg or SO4) 

Total solids 44.000 

Na : CI .073 

We may compute: 

CaClg 38, CI = 24.3 

NaClg 3.79, CI = 2.946 

NaBr .402, Br = 312 

NagCOg . . 2.3 

44.492 
— Where the carbonate and sulphate really ccmibine more with 
the lime. 

Franklin Junior. This is the same property formerly known 
as the Peninsula and earlier yet as the Albany! & Boston. It 
has worked upon two horizons, the one the Pewabic lode, at 
the same horizon as the Old! Franklin and Quincy mines, the 
other a conglomerate, Marvine's No. 15, which has been 
called the Albany & Boston, and may be safely identified with 
thd Allouez. Most of the observations refer to the conglom- 
erate but those in the crosscuts, 87 and 88 especially, do not, 
and should be compared with those of the Pewabic lode. See 
also Packard's tests on the Franklin water (3, 4 and 5). 

68. On a visit May 24th, 1906, I found in the 14th level 
crosscut 270 feet above the Allouez conglomerate a drip with 
Sp. Gr. 1. 000. 

69 and 70. On the 15th and i6th levels I did not find 
enough water to test. There was more in the north end of the 
15th level and the south end was very dry. 

71. On the 17th level the water on the floor seemed to 
have Sp. Gr. i.ooo. 

J2, 400 feet north of shaft it was dripping freely and 
seemed to have increased in gravity (1.002?). 

73. On the 1 8th level S. a dripping tested had Sp. Gr. 
I.ooo. 

74. At the reservoir for drill water near shaft it was 1.003. 
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75. On the 19th level I could only find a drop to taste — 
quite salt. 

76. The 20th level was dry. 

^^, The 2 1 St level water of drift has Sp. Gr. 1.003. 

78. The change from fresh to salt was according to Capt. 
J. Doney between 14th and 17th levels and his observation was 
later fully confirmed by Femekes' tests. The rock also seems 
to get richer in the lower part of No. 2 shaft, toward the south 
end of the mine. 

The Allouez conglomerate has a straighter "hanging" top 
than "foot" bottom, and where it is thin it is generally barren. 
There is good copper bearing conglomerate in the 22nd level. 

The dip flattens from 48^^° down to 46^4° at the bottom 
of the mine. 

Mr. Rickard in his book on the copper mines of Lake Su- 
perior has some notes on the distribution of copper in this lode. 

On Oct. 13, 1906, I again visited the Franklin Junior mine 
and incidentally made observations as follows : 

79. At the fourth level crosscut which runs from the Al- 
louez conglomerate to below the Kearsarge amygdaloid, the 
water was in no case noted other than apparently fresh. Sp. 
dr. 1. 000. Temp. 45° to 46° F. VVc failed to get any at 
crevices on the I7tli and 19th level where Capt. Etoncy had 
noticed it. But Femekes found it later, and I introduce his 
tests on the conglomerate before those he made from the sam- 
ples I took on the crosscut at the 21st level. 

All the samples below are from the No. i shaft, on the 
Allouez conglomerate, and taken by Femekes in 1906. 

80. Is from a drip in the 15th level. 

CI 416 

Ca 134 

Na 115 

Sum 665 

Difference 85 

Total solids determined 750 
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We may compute : 
Na : CI .277 
Ca : CI .322 

NaCl 292 CI .177 

CaClg 375 CI .239 

.667 
The high ratio of sodium to chlorine and of difference not 
chlorides show the mixture of upper water quite plainly. This 
is just on the line. 

81. Franklin Junior is from a dripping 1,000 feet S. of 
No. I shaft on the Allouez conglomerate, 17th level. 

CI 858 

Ca 211 

Na 313 

Sum 1.382 

Difference 313 

Total solids 1.695 

Na : CI .1382 
This seems to be fresher than No. 74 on the same level 
north. It is said that No. 2 shaft 1200' S. of No. i is better 
than No. i and better than at 1200' or so than higher up. At 
the Rhode Island mine which is further north and not so rich 
Mr. Frapwell found No. 47 about as strong at 1,000 feet. 

82. Franklin Junior reservoir 100' north of No. i shaft, 
17th level on Allouez. 

CI 1.066 

Ca 249 

Na 404 

Sum 1.719 

Difference 281 

Total solids 2.000 

Na : CI .39 

83. Franklin Junior water dripping 1200 feet S. of No. i 
shaft on 18th level. 
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CI 3.621 

Ca 1. 516 

Na 609 

SO4 040 

Sum 5.756 

DiflFerence 274 

Total solids determined 6.030 

This is a good deal fresher than the next analysis, the 19th 
level north. 

Na : CI .167 

84. F'ranklin Junior from a dripping on the 19th level 200 
feet north. 

CI 8.320 

Ca : 3.166 

Na 1.750 

Sum 13.236 

DiflFerence 224 

Total solids determined 13.560 

Na : CI .21 
We compute: 

Ca Clj 8.79 

Na CI 4.45 

1324 
This is essentially the same water as No. 70 of which appar- 
ently No. 85 is another test. 

85. From pump on 23rd level near bottom of mine. 

CI 7.540 

Ca 2.493 

Na 2.032 

Sum 12.055 

DiflFerence 295 

Total solids determined 12.350 
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This is practically the same as 8i and 82, slightly diluted. 
The ratio of sodium is similar. 
Na : CI .269 

The line between fresh and salt is perhaps higher at the 
north and leaner end of the mine corresponding to the rise of 
ground. The depth is something like 1300 feet below the sur- 
face or about 200' below sea level. 

86. Franklin Junior. Dripping from crosscut on 21st 
level S. 

CI 8.580 

Ca 3.289 

Na 2.349 

Sum 14.216 

Difference 044 

Total solids determined 14.260 

Na : CI .2*^2 

87. Sample No. i, 2100' down on the dip, 1600' deep. The 
sample is in a crosscut over from the Allouez conglomerate 
460' toward the Pewabic lode on which the Quincy mine is 
working. It is from a seam dipping 50° to S.E., i. e., about at 
right angles to dip of bed. It is slowly dripping. The dis- 
tance from the Allouez conglomerate No. 15 is I92'4 (about 
100' above the Mesnard epidote). 

87. Sp. Gr. by urinometer in mine 1.045. Temperature 
61^ F. 

Dr. Fernekes determined (on about 30 cc). 

CI 7.912 

Ca 2.926 

Whence we may compute : 

Na to satisfy CI 1-764 

Sum 12.602 

Difference SO4. Mg. etc 298 

Total solids at i6o°C 12.900 

Ca Clo 8.1 16 
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(To satisfy CI) Na Q 44^ 

12.602 
Na : CI .223 
Ca : CI .368 
This agrees quite fairly with the larger sample 86 taken 
later by Dr. Femekes himself. I cannot very well account for 
the high Sp. Gr. of this and 88, unless wc assume that the 
water gave oflF little bubbles of gas not observed in the dim 
light of the mine, or that evaporation tends to very rapidly 
concentrate the water in the puddles on the floor where the 
urinomete'r was floated. The sample was caught in a small 
vial from the roof. 

88. Another sample II was flowing much more freely 

down tlie side of the level fn>m a similar seam 386 feet above 

the Allouez conglomerate and dipping 40"^ into the foot from 

the hanging. It must pretty nearly represent the Pewabic lode. 

Sp. Gr. 1.055. 

Dr. Femekes determined : 

Total solids at 160*^ C 46.100 

CI 28.680 

Ca 12.290 

Whence we comimte : 

(To satisfy chlorine Na) 4.45 

45.42 

Ca Clj 34,09 

Na CI 11.33 

45.42 
Other sul>stances by difference, SO3, Mg., etc.. .68 
Na : CI .156 
Ca : CI .43 

QUINCY MINE. 

The Quincy mine was of especial interest as offering the 
deepest mining on the amygdaloid, and as being the one in 
which copper in the mine water first attracted attention. It 
was not easy to obtain satisfactory samples in the upper old 
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workings. The tests of the Franklin mine which is on the 
same lode may be taken in connection (analyses 4 and 5). 

I am informed by Prof. J. Fisher that in the Quincy mine 
flows good to drink were found. 

89. On the 13th level. 

90. And on the 26th level. 

91. But that on the other hand a drill hole in the hanging 
between shaft i and 2 just N. E. of the old man engine shaft 
on the 26th level was too salt to drink. This is about 2,000 
feet deep on this lode, which at a dip of 53° is 1609 feet ver- 
tically. This would bring the salt water in at about the same 
depth as in the Franklin — a little deeper possibly. It should be 
remembered that the Pewabic lode worked by the Quincy 
Mining Co. is in the "ashbed" group, a series of extra felds- 
pathic traps containing unusually much sodium. 

Certain of the Quincy samples were tested for CO2 by dis- 
tillation, and also for ammonia. A very small amount of the lat- 
ter was found on which no stress can be laid as it might come 
from organic contamination or dynamite fuses. 

92. Dr. Fernekes' first test is from drippings in the 49th 
level north of No. 6 shaft, as follows: 

CI 142. 173 grams per liter 

Ca 70.072 

Na • 12.064 

Br 1.891 

Cu. tr.* 

Sum 226.206 

Difference .320 

Total solids determined 226.52 

Sp. Gr. 1. 19. 
Whence we compute: 
Na : CI .083 

93. From the 53rd level north of No. 6 shaft running from 
walls. 

^Analyses 89 to 97 all contain a trace of copper estimated as most 
probably 8 to 16 mg. per liter. 
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CI 174.287 grams jicr liter 

Ca 86.500 

Na 14.068 

Br 2.180 

Cu tr.* 

Sum 277.035 

Difference 465 

Total solids Determined 277. 500** 

Sp. Gr. 1.2 I 
VVc compute : 

Na : CI .081 

94. Quincy mine. 53rd level N., stream near No. 6 shaft. 

CI 177.380 grams per liter 

Ca 87.478 

Na 14.920 

Cu trace* 

Br 2.240 

SO3 123 

Sum 282.141 

Difference 359 

282.500 
We compute : 

Na : CI .0843 
lliis analysis was published by Dr. Femckes in Economic 
Geolog)^ 11, p. 584, with a slight error. 

95. Quincy mine. In stc^ 10 feet below 53rd level N. 
of No. 6 shaft — a running stream. 

CI 173-735 grams per liter 

Ca 87.380 

Na , 13470 

Br 2.272 

Cu tr.* 

Sum 276.857 



••SoUdi when not betted quite to hot S81 JOO. 
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I 

Difference 243 

Total solids determined 277.100 

We compute : 

Na : CI .078 
This sodium ratio is abnormally low — an error in analysis 
is possible but not probable. 

96. Quincy mine. Dripping on SSth level N. of No. 6 
shaft. 

CI 176.027 grams per liter 

Br 2.200 

Ca 86.478* 

Na 15.188 

K 411 

SO4 no 

Si O2 20 

Fe^Oa 3^d AI 2O3 10 

Mn 4 

Cu 16 

Ni 6 

Sr trace 

Ba none 

Li none 

' Mg 20 

B trace 

CO2 none 

Sum 280.489 

Difference on 

Total solids determined 280.500 

This is the most complete analysis made of the deep water 
and may be taken as the standard. Nos. 93, 94 and 97 are all 
very similar. It is worth noting that calcium and sodium 
chlorides fonii 99% of the total salts, and sodium bromide 
three-fourths the remainder. 
Na : CI .0865 
Ca : CI .49 

♦Compare test of Dow Chemical Co., .17 per cent or 2.13 grams per 
liter. 
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97. Quincy mine. N. of No. 6 shaft, running 10 feet be- 
low 55th level. 

CI 176.400 

Ca 85.200 

Na ' 17.580 

Br 2.460 

Cu tr.* 

K 450 

. Sum 282.090 

Difference 310 

Total solids 282.4 

Sp. Gr. 1.22 
Boiling point 104^.5 C. 
We compute : 

Na : a. .099 
This higher ratio of sodium might be due to urine, etc. A 
sample at about this level gave the Dow Chemical Co., .17% 
with a Sp. Gr. of 1.293 or 2.190 grams per liter. The same 
sample gave Feniekes 2.390, which is a pretty close check as 
bromine analyses go. 

98. Quincy mine. Pool with good drainage on 57th level 
N. of No. 6 shaft. 

CI 1 13.7 grams per liter 

Ca 57.33 

Na 7.70 

Br 1.2 

Sum 179-93 

Difference 270 

Total solids determined. . . 180.2 

Sp. Gr. 1. 13 
Na : a .068 

99. Quincy mine. 59th level, said to be a fine slow drip. 

^Trmce in all Quincy waters, estimated ai 8 to 16 mg. per liter. 
Compare test (7) ot Dr. 0. A*, Koenlg of 7 m^, per liter as nmnlnc 
alons the drift 
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CI 166.56 

Ca 82.486 

Na 13.129 

Br 1.92 

Sum 264.035 

Difference 1.165 

265.2 
We compute : 

Na : CI .0785 
100. Quincy mine. 62nd level, N. from pump. 

CI 131.46 grams per liter 

Ca 65.35 

Na 10.56 

Br 2.004 

Sum 209.374 

Difference 426 

Total solids determined . ..209.8 
We compute: 

Na : CI .08 
loi. In Bulletin 330 of the U. S. Geological Survey, p. 
144, is an analysis of the water from the *1ower level of the 
Quincy mine, Hancock, Michigan*', by Geo. E, Steiger for C, 
K. Lcith as follows: 

E. 

CI 635.5 135. 

SO4 1 .2 

CO3 1 .2 

PO4 o .0 

Na 56.3 12.0 

Ca 307.8 65.3 

Mg I .2 

Al, Fe, Mn, Co o 

SiOg I .2 

1000.00 sum2i3.i 

Salinity 212.3 212.3 

Na : CI .0885 
Ca :Cl2 .485 
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The column to the rij^^ht is computed. The analysis is 
like that of Fernekes (96) from the Quincy from the pump at 
the 62ncl level, but not as complete. The most noteworthy dis- 
crepancy is in the COj. These Quincy analyses are all of the 
lower water and show what variation we may be prepared to 
expect. 

The Calumet Conglomerate. See also the analyses by 
Heath and Smyth. (14-16) 

102. Tamarack shaft Xo. 5. This sample was taken from 
an incline<l winze on the conglomerate lode : 

CI 57550 fjrams per liter 

Ca 25.429 

Na 8.032 

Br 1.070 

Sum 92.081 

Difference 419 

Total solids determined . . ..92.500 

We compute : 

Na : CI .14 

When we compare this with No. 22 we see that it is less 
strong and the ratio of Xa : CI is higher. This agrees with 
the miner's impression reported by Mr. J. C. Reeder and others 
that amygdaloid water is stronger than that of the conglomer- 
ate, which is confirmed by other tests for chlorine only. 

It is somewhat stronger than Smyth's water at 3,000 feet 
( 16). The ratio of scnlium has droi>i)ed a little. The ratio of 
Xa : Br is about the same. 

The Kearsargc Lode. This lode is now opened up for 
several miles, and Dr. Fernekes could get salt tests for over 
three miles. His results are arranged from south to north. 

103. Centennial mine. At the nth level "no salt" was 
reported; that is not enougli to make the customary analysis 
on a small sample. Fernekes estimates that a gallon would 
have been needed. 
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104. = At the 13th level we have: 

CI 1.711 

Ca 626 

Na ,... .389 

Sum 2.726 

Difference 232 

Total solids determined 2.958 

We compute : 

Na : CI .228 

105. T5th level. 

CI 3-549 

Ca 880 

Na 1.287 

Sum 5716 

Difference 264 

Total solids determined 6.000 

We compute : 

Na : CI .357 
This is a typical top salt water, and was published as such 
in Economic Geolog)'- II, p. 584, but assigned to the nth level. 

106. Centennial 20th level. 

CI 5780 

Ca 1.880 

Na 1.584 

Sum 9-244 

Difference 216 

Total solids 9.460 

We compute : 

Na : CI .275 
Tlie ratio of sodium l)egins to drop. This analysis was pub- 
lished in part in Economic Geology II, p. 584. 

107. Centennial 25lh level. 

CI 27.114 
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Ca II.6 

Na 4,22 

Cu p.n.d.* 

Sum 42*934 

Difference 266 

Total solids determined 43.200 

W^e compute : 

Na : CI .156 

108. Centennial 30th level 

CI 34-263 

Ca 15700 

Na 4.140 

Cu p.n.d.* 

Sum 54103 

Difference 377 

Total solids determined 54480 

Na : CI .121 
Note that the most rapid rise in saltness comes between the 
20th and 25th levels. 

109. South Kearsarge No. 2 shaft, 9th level, drippings 
collected by F. W. McNair and C. D. Hohl. 

CI 842 

Ca Ill 

Na 418 

Sum 1.371 

Difference 61 

Total solids determined 1432 

This is essentially a duplicate of No. no. Compare the 
loth and nth levels Mohawk. 

Na : CI 495 
Ca : a .132 
no. South Kearsarge No. i shaft, 9th level dripping 
collected by F, VV. McNair and C. D. Hohl. 

•BBtlmated as 2 to 8 mg. per liter. 
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CI 702 

Ca 0912 

Na 414 

SO4 075 

SiOa 035 

Fcg O3) 030 

AI2 O3) 

Sum 1-3472 

Difference 0028 

Total solids determined i-350 

Hiis is a complete analysis intended to show the character 
of the water in the upper levels, before the calcium chloride 
becomes conspicuous, though even here there is chlorine, which 
may be considered combined with calcium. There is even 
here little or no CO2 and the Ca is not abnomial for any water. 
Probably the iron and alumina may exist as chloride. 
(FegO.-, = .030) = (Fe = .021) 

We have : 

Na : CI .58 
Ca : CI .13 
We may combine this as 
Water glass Xa^O 4 SiOo— ,0097-f-0034+.035= 0.048 6 
Salt Na CI = .4043 +.624 CI = 1.028 3 

Fe CI3 = .021 -I-039 = -060 

.663 
Ca CI2 = .022 +.039 = .061 

Ca SO4 = .0312-J-.075 SO4 = .1062 

.0532 
CaO = .038 +.015 O = .053 



I-357I 
Xole tlie tendency to alkalinity, both in the water glass and 

the excess of lime, and the sodium more than cc^uld be obtained 

Lv dilution of a deeper water with a surface water. 

IVokrrine Mine. Shaft No. 3. All the samples below 

were taken about 300 feet S. of the shaft, and were all drip- 
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piiif^^s. To get the complete suite include also tests 17 to 21. 
See also my tests in crosscuts, etc. 

111. Wolverine Xo. 3, 300 feet S. of 20th level. 

^'1 17-395 

Ca 7.321 

Na 2.852 

Sum 27.568 

Difference (Mg, SO4, etc) 252 

Total solids determined 27.82 

Sp. Gr. 1.02 1 
Na : CI .165 

This is slightly stronger and with slightly less s(xlium in 
proiK)rtion than No. 19. 

1 12. Wolverine No. 3, 300 feet S. of 22nd level, drip. 

CI 11.705 

Ca 5.071 

Na 1.784 

Sum 18.560 

Difference 800 

Total solids determined 19.360 

Sp. Gr. 1.015 
We compute : 

Na : CI .153 
This is apparently somewhat dilute<l of the same tj-pc as 
the water at the !7tli and 20th levels. 

1 13. Wolverine No. 3, 300 feet S. of the 24th level, drip- 
ping. 

CI 33640 

Ca 15.600 

Na ' 4.088 

Br 868 

SO4 130 

Sum 54326 
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Difference 174 

Total solids determined 54.5 

Sp. Gr. 1.039 
We compute: 

Na : CI .122 
The lowest water is well established. Note as compared 
with the other levels the sudden rise in solids, almost double, 
while the sodium ratio drops. 

This is about the same concentration as the 30th level, 
Centennial, No. 108. 

1 14. Wolverine No. 3, 300 feet S. of 26th level, dripping. 

CI 55.765 

Ca 26.800 

Na 5.912 

Br 930 

Sum 89.407 

Difference 393 

Total solids determined 89.8 

Sp. Gr. 1. 07 1 
We compute: 

Na : CI 0.106 

115. Wolverine No. 3, drip 300 feet S. on 28th level. 

CI 75.231 

Ca 36.347 

Na 7.367 

Br 1.085 

Sum 120.030 

Difference 270 

Total solids determined 120.3 

Sp. G. 1.092 
We compute : 

Na : CI 0.098 
T16. Wolverine No. 3 shaft, 300 feet S. of 30th level, 
dripping. 
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CI 64.390 

Ca 31-271 

Na 5.756 

Br 940 

Cu p.n.d.* 



Sum 102.357 

Difference 143 



Total solids detemiined 102.5 

Sp. Gr. 1.079 
Nos. 114, 115 and 116 are nearly the same kind of water 
varying slightly in concentration and the Na : CI ratio slowly 
falling. lr\i this it is: 

Xa : CI .0895 
The var>'ing concentrations of these deep waters may be 
jKirtly due to evaporation and partly to very recent circulation 
of fresh water incident to the mining. 

The Centennial 30th level water is about as strong as the 
Wolverine 24th level water and the Na : CI ratio is the same. 
117. North Kearsarge mine. 26th level, 700 feet S. of 
No. 3 shaft. 

CI 83.400 

Ca 38.667 

Na 9.826 

Cu p.n.d.** 

Br 905 



Sum 132798 

Difference 202 



Total solids determined 133.000 

Sp. Gr. 1.099 
Xa : a .118 
This is much stronger than any of the Wolverine waters 
but the Xa : CI ratio is similar to that on the 26th level. 



^Estimated from 2 to 8 mg per liter. 

^*AII samples from N. Kearsarge contain from 2 to 8 mg per liter of 
Cu as estimated. 
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1 1 8. N. Kearsarge, 300 feet S. of No. 3 shaft, on the 27th 
level. 

CI 71.240 

Ca 31.822 

Na 9.822 

Cu p.n.d.* 

Br 945 

Sum 1 13.829 

Diflference 371 

Total solids determined 1 14.2 

Sp. Gr. 1.089 
Na : CI .1375 
This is less strong than 119 at the N. end or than No. 117 
on the level above, but has just about the same amount of 
sodium. 

119. N. Kearsarge 450 feet N. of No. 3 shaft, 27th level. 

CI 76.363 

Ca 32.937 

Na 11.597 

Cu p.n.d.''' 

Br 725 

Sum 121.622 

Diflference 178 

Total solids determined 121.800 

Sp. Gr. 1. 09 1 
We compute: 

Na : CI .151 
These are ninning a good deal higher in sodium than the 
Wolverine at the same levels and concentration. 

1 20. N. Kearsarge, 28th level, 150 feet S. 

CI 60.480 

Ca 25.618 

Na 9.722 

Br 675 

Sum 96.49s 
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Difference 245 

Total solids determined 96.740 

Sp. Gr. 1.074 
Na : CI .161 
As we g;i> north toward the Allouez Gap the amount of 
siKlium at alx>ut the 26th to 28th levels seems to increase. 
Molvaivk Mine. Shaft No. i. loth level dripping. 
121. 

CI 357 grams per liter 

Ca 067 

Na 154 

Sum 578 

Difference CO3, SiO,, etc 122 

Total solids determined . . . .700 
Na : CI .43 
This is a typical upper level water like the S. Kearsarge 
109, but only half as strong. 

122. Mohawk, shaft No. i, nth level, dripping. 

CI 285 

Ca 057 

Na 1198 

Sum 4618 

Difference 1382 

Total solids determined 600 

Na : a .42 
This is essentially like 105. Note how sharp the change 
is at the next level. 

123. Mohawk, shaft No. i, 12th level, dripping. 

CI 3.172 

Ca 993 

Na 914 

Sum 5.079 
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Difference 276 

Total solids detemiined 5-355 

Na : CI .i294 
This is fairly in the middle zone. 

124. Mohawk, shaft No. i, 13th level, pool. 

CI 3.299 

Ca 1.241 

Na 711 

Sum 5.251 

Difference 349 

Total solids detemiined 5.600 

Na : CI .216 

125. Mohawk, shaft No. i, 20 feet S. of 14th level, drip- 
ping. 

CI 21.546 grams per liter 

Ca 10.560 

Na 1.824 

Br 124 

Sum 34-054 

Difference 346 

Total solids detennined . . . .34.400 
Na : CI .085 
This is quite characteristic of the lower zone. 
Isle Royalc Mine. Arcadian, i. e. Isle Royale amygdaloid 
epidote, and i)ossibly Grand Portage lodes. This is close to 
Portage Lake just back of Houghton, and is 400 feet or 500 
feet above it, i. e. alx)ve Lake Superior. It is the old Huron 
mine re-opened. TW\s went down about 16 levels or 1000 
feet. 

On the Grand Portage lode shafts to 500 feet were sunk 
Tliis opened on many levels by crosscuts, but is about 200 feet 
(above) west of the Isle Royale lode on which the shaft is 
sunk.* This is worth mentioning since dripping from the 



•N. B This Is not on Isle Royale. 
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levels niiji^ht well have been affected by surface water standing 
in the levels a good while. The College of Mines have a list 
of some 30 minerals from this mine. 

126. Isle Royale. 300 feet N. of No. 2 shaft 15th level, 
dripping. 

CI 9.204 grams per liter 

Ca 4.321 

Na 994 

Sum 14-519 

Difference 581 

Total solids determined 15.1 

Sp. Gr. 1.007 low! 
\\' e compute : 

Na : CI .0925 
This is a <lilute deep water. 

127. Isle Royale, i8th level, dripping, 300 feet N. of No. 
2 shaft. 

CI 34.920 

Ca 16.751 

Na 3.058 

SO, 179 

Cu p.n.d.* 

Sum 54.908 

Difference 792 

Total solids determined 55-70 

We compute : 

Na : CI .089 
This is a t\'pical dilute deep water. 

128. Isle Royale, 19th leevl, N. of No. 2 shaft, from a 
pool from dripping. 

CI 45.178 

Ca 22.201 

Na 3.837 

^EsUimted 2 to 8 mg per liter. 
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Br 0.320 

SO4 234 

Cu p.n.d.* 

Sum 7^-770 

Difference 330 

Total solids determined 72.1 

Sp. Gr. 1.057 
We compute : 

Na : CI .085 

129. Isle Royale, dripping 50 feet S. of No. 2 shaft on 
20lh level. 

CI 7.626 

Ca 3.249 

Na 1.204 

Cu p.n.d.* 

Sum 12.079 

Difference 241 

Total solids detennined 12.32 

Sp. Gr. 1.009 
Here is lower down a distinctly weaker water with 

Na : CI .158 
The contrast between this and No. 126 is worth noting. 
Though they have about the same strength the deeper water 
is in one case diluted with fresh water that has found its way 
rapidly and directly down, while in the other case there is much 
sodium, prcsumabh' tierived by decomix)sition of the rock. 

130. Victoria mine, Rockland district. This is at a low 
hi;riz()n in the formation. The sample was taken by Dr. L. L. 
Hubbard from the 19th level crosscut, about 600 feet from the 
shaft in a thin conglomerate underlain by 10 feet of amygda- 
loid then succeeded by 60 to 70 feet of conglomerate and sand- 
stone, mainly sandstone. 

^Estimated 2 to 8 mg per liter. 
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Sp. Gr. 1.004; Total solids 6.465 grams per liter 

Chlorine 3-159 grams per liter 

A number of less complete tests for chlorine, and other 
supplementary data are here omitted, since they simply sustain 
the inferences which may be made from the above data, 

ORIGINAL SOURCE OF WATERS CONNATE. 

The widespread occurrence of these calcium chloride 
waters points to an original source, they are connate — original 
sea waters — modified by downward leaching. It is hardly con- 
ceivable that any upward circulation could so fill the Kewee- 
nawan rocks with salt water through a set of fissures that 
cz'cryivhcrc below the 21st level the content of salts is to be 
measured in per cents. And they are by no means confined to 
the copper and iron countries. 

The well at Grand Marais struck, I am told salt water at 
the b(jtt(Mn. 1200 feet deep, and the Hon. Geo. Shiras 3d, 
called my attention to a salt lick southeast of Manjuette, which 
gave Mr. F. B. Wilson, 

Total solids 2.484 per thousand 

Chlorine 862 

Sulphuric anhydride 008 

S. from sulphur anhydride 027 

Calcium and potassium carbonates 

present, indet. in 25CC 

Magnesium tr. 

I have just visited these licks at the south end of Whitefish 
lake. Sec. 3. T. 46 N., R. 22 W. The water seems to ooze 
from the upper part of the Potsdam sandstone, and I obtained 
up to 2,^7 CI. 

In U. S. G. S. water supj)ly i>aper 1 14, p. 240, there is an 
analysis of a well 50 feet in the Potsdam sandstone which is 
rich in calcium chloride, and I have elsewhere cited calcium 
chloride analyses from a wide variety of places.* 

•Science. 1908, August 2. 1907. p. 127. 
AmericBn Jour, of Scl., May. 1908. 
Geol. Soc of Am. BuU, Vol XVII, (1905) p. 691. 
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For convenience of comparison one recent analysis may be 
given from the Lower Peninsula — from decidedly younger 
rocks, liowcver. 

Grayling water, Hanson No. 2, 2,800 feet. 

Ca 25.044 parts per thousand 

Na 52.953 

CI 147-344 

SO, 0.137 

Mr S.361 

Br 1.840 

NH4 1.033 

K 0.705 

Sum 234.417 

Li. Ba. Sr. Fe trace. 

Vl\ Cs. Rb none. 

Calculated as follows: 

parts iKT thousand 

Ca Clo 72.627 

Na CI 134.684 

NH4 CI 3.070 

Mg Br., 2.116 

llgCL 20.128 

K.. Sd, 0.248 

K CI 0.873 

Water of crystallization not figured. 

Signed, F. B. WILSON. 
If the theory of the gradual concentration of salts in the 
ocean, and esiK'cially sodium, is true then the original ocean 
must have been essentially a weak solution of calcium and 
«)liicr clil^'ridcs. it is. Iiowever, quite possible that its composi- 
linn was more or less influenced locally by volcanic emanations, 
the evidence for which has recently been collected by Lincoln, 
( ^9^^7' P- -5^^' c>f Economic Geology). 

The present mine waters are often as strong as present 
ocean water and stronger, and to explain their present concen* 
iralicjn, and incidentally throw light on the concentration of the 
ores also, is our remaining task. 
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THE PRODUCTION OF NATIVE COPPER IN CHLORIDE SOLUTIONS. 

It will ])Q convenient, to save intemipting our discussion of 
the effects of leachinj^ in nKnlifyin^ the original connate waters, 
to give here a brief account of some ex|x?riments by Dr. G. 
I'\*rnekes then of the Michigan College of Mines, now of Pitts- 
burg, in which he succeeded in fonning native copjier from 
chloride solutions such as the mine waters. 



DR. FERNEKES EXPERIMENTS IN ARTIFICIAL PRODUCTION OF 

COPPER. 

These he has already descril>ed.* We may sum up his work, 
nnKlelle<l after Stokes.** in a diagram as follows: 



Cold water 

jacket 

around 

upper 

end. 



Lower end 
in sand 
both at 

200° C to 

280" C. 




WATER. 

Solution of ferrous chloride FeCl, near- 
ly neutral with sodium carbonate. 
Few crystals potassium bromide K Br. 
.2 gram Cuprous chloride Cu, Cl^ 
f$ grams calcium hydrate CaO^H, 
or " carbonate CaCO^ 

or " silicate Ca SiO, 

\or prchnite H,0, 2CaO, 2A1,0, sSiO,. 
[or datolite " 
lin fine powder. 



Bp^ 2SiO^ 



Dr. Femekes then describes tlie following reactions as tak- 
ing place. 

1. 2 FeClj + 2 CuG, = CujCl, + 2 FeCIj. 

2. 2 FeClo + Cu^Cla = 2 Cu + 2 FeOj. 

. 3. FeCl^ + 2 H2O = Fe (OH)^ CI + 2 HCl. 

— and 10 below. 

Now in Stokes*, experiments in unetjually heated solutions 



•BcoDOcnic Geology, 1907, pp. MO ft (11. No. 6, Sept ud Oct) 
^^EIcoiioiDic Geology, 1906, pp. 644 (I, No. 7, July-Auguet). 
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like lliis, sulpliate instead of chlorides were used,* so that his 
e(iiiations were: 



hotter 
end. 



4. 2 CUSO4 + 2 FeS04 " 

6. Ou2 SO4 "; — 



hotter 
end. 



G. Fe2 O3 + 3 H2 SO4 — 



.0u3SO4+B^e2(SO4)3 

Ou SO4 + Cu 
11 3 H2 O + Pe2 (SO4 h 



cooler 
end. 



cooler 
end. 



There is another experiment by Stokes** of interest to us, 
to-wit : 



hotter 
end. 



ous 
AuCla + 3 Cu CI— 



ic_ 
:l_Au + 3 CUCI2 



cooler 
end. 



We may api)ly this to the silver which we find most in the 
ui)[x.T levels on and later than the copj^er. While silver chloride 
is quite insoluble it is soluble enough in these strong chloride 
solutions for the following reaction slowly to go on. 



hotter 
end. 



8. 
9. 



A^rOl + CuCl 
»» + FeC]2 



Ajr + CUCI2 

" + FeCls 



cooler 
end. 



Now as Dr. Fernekes remarked the copjxjr shown in eqtia- 
lion 2 did not appear as such, because it would l)e attacked and 
redissolverl by the HCl set free by reaction 3, until a neutraliz- 
ing agent was added (eci. 10). 

Possibly in nature electric currents or veiy great length of 
tube and slow action might help, but there was one obvious 
reaction, one suggested. t<H>. by the geological conditions* we 
were trying to imitate, to-wit, the neutralization of the acid 
(II CI). This was successful, first with calcium hydroxide 
CaOoIIo. then CaCO.j, then calcium silicate in the form of 
powdered wollastonite. Copix.T was deposited within 10 to 15 
minutes heating at 200^ C. Complete precipitation took a 
longer time. 



♦Economic Geology, 1906, p. G44 (Vol. 1, No. 7, July-August) 

**\joc. oit., p. 050. 

X 111 iiatiiri' llic (■oi)p(M' is pcrsi.sttMUly aj^sociated with cralcium car- 
bonates or silicates and often deposited on corroded surfaces of calcite. 
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We may add then to the three reactions 1-3 alnuc one more. 

10. 2 H CI + Ca i O2H2 >Ca CI., + 2 { H^O. 

\ C O3 < \ H.COa. 

( SiO, ( H2O -t- SiO, 

The alx>ve reaction \vorke<l freely and rapiclly; the copiKT 
came down in a fluffy mass. 

To obtain it crystalhzed it seemed natural to use a less sol- 
uble neutralizing agent. The following minerals occurred to 
me from the geological conditions as especially worth trying: 
I^ibradorite Ah, An, to Ah, Auj 

(XajO, AI2O3, 6 SiOa + i to 1.5 (2Ca20, JAI2O3. 
4Si02) 
IVehnite, H.O, AljO.,, SiO^ + 2 (CaO, AK).,, SiOa) 
I^iumontite 4 HjO (Ca, AloOj. 4 SiOo) 
Dalolite HjO, 2 CaO, B2O3, 2Si02 
Pectolite (Ca, N.T2H2) SiOj 
Analcite 2 H2O (Naj, Ca)0, AljO,, 4 SiO, 

Lihnidorite and laumonlite gave no results. As a matter 
of fact neither are intimately associatctl with copjxrr, the labra- 
dorite <K:curring in the fresh unahere<l trap, ami the laumontite 
thnnigh a secondary zet>lite l)eing notoriously a Iwd sign for 
copi)er, though at times pseudomorphs of copjjer after lau- 
montite do occur. 

On the other hand prehnite aiid datolite both gave i)ositive 
results, and lK>th frequently (xxur in nature coloretl pink with 
finely <livided copi>er. Capt. J. Vivian has a wonderful collec- 
tion of flesh colored datolites. 

The tubes were heated inteniiittcntly, for 10 hours a day, 
the heat removed in the evening, and again applied the next 
moniing. 

After heating the solution and prehnite in this manner five 
days an explosion* tcK>k place at al)out 250*^ C. A portion of 
the si<le of the tul)e about 5 cm from the bottom was lilown 
off, leaving a cake of mineral undenicath which could Ix? seen 
under a hand lens to l)e intersi)erse<l with shiny particles of 
crystalline copper. That they were such was proved by tests. 



130 MINE WATERS. 

The prehnite had become much darkened, and the particles 
of the mineral were stained red with iron oxide. 

Datolite was acted on in a similar manner for six days at 
the end of which time minute crystals of copper could be de- 
tected throughout the mass of the mineral. 

It might also be profitable to consider the reactions from 
the point of view of electro chemistry and ionic dissociation. 
Hicre is this extra justification for this that experiments by 
J. M. Longyear and \V. W. Stockly have shown measurable 
(Hfferences of electric potential near lodes, and abnomial mag- 
netic variations are not uncommon. In^fact from the almost 
northerly direction of the main chute of the Calumet & Hecla 
deposit and the great sensitiveness of the copper to electricity 
it Ikis l)een suggested that certain electric currents were the 
determining factors in its deposition. 

Schematically we may express the reactions i to 3 and 10 
in tcnns of Ijeginning and final products. 

1 1. 2FeCI.,+2CuCl+3CaSiO., = JCu+Fe^Og+aSiOs 
+3Caa,. 

That this reaction, which is only a slight modification of 
that suggested 30 years ago by Pumi)elly is really schematically 
the one by which native copper has been fomied seems to me 
almost conclusively ])n)vcd by the facts: 

1. Dr. Feniekes has shown that it actually takes place. 

2. The end products arc actually the common products of 
the vcins,(7;/(/ the most abundant constituent of the mine zvcUcr, 

KKACTIONS OF ROCK AND WATKK IX TlIK KEWEENAWAN ORIGIN 
J OF COPPER. 

W'c have then only slight modifications to make to adapt 
the results of Fcrnckes to the conditions under which copi)er 
occurs in the Kcwccnawan rocks. This is a great series of 
ancient lava^ sc])aratc(l ciilier by originally ])r»rous scoriaccoiis 
laval<»i)> or agjL;l»»nicralcs ur ordinary sediments, the C()pi)er 
occurring in the ponuis jjarls, whether amygdaloid, conglomer- 
ate or sandstones. It is not certain that these conglomerates 
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were all laid down beneath water. The agglomerates especial- 
ly may have been laid down l)eneath the air. But the fact that 
a conglomerate like the Cahmiet & Hecia for instance has so lit- 
tle material from the underlying dark trap and so much from 
felsites which tend to rise above the ocean more than the fluid 
and less viscous lavas containing more iron would suggest that 
it was tndy marine. Moreover the persistence of these con- 
glomerates as definite horizons for miles i)oints the same way. 
If lliey were land dqiosits there may have l>een salt lakes in the 
desert. The fact that the conglomerates are relatively fresher 
than the amygilaloiils may l>e due simply to the fact that their 
minerals are on the whole less hydrated, and so have aljsorbcd 
less water. It seems safe then to assume that some of the con- 
glomerates and some of the amygdaloids were filled with sea 
water — and it also seems safe to assume that it contained some 
chlorides, even though not so great a ratio as at present. When 
the next lava flow would come over it it would be heated. But 
the amount of heat given off at once would be but a small pro- 
I)ortion of that which existed in the lava flow, as lava is a poor 
conductor and quickly chills at the surface while the interior 
remains hot. In fact one can walk on the surface while yet the 
interior is so hot that a walking stick thrust into a crack bursts 
into flames and the cracks produced by contraction and cooling 
show a dull red heat. 

As I liave elsewhere pointed out* in case of lava flows 240 
feet thick there is some reason to think tliat it may be 20 or 30 
years liefore consolidation at the center was finished and that 
it was nearly 10 times as long before tlie temperature at the 
center would drop to say 100^ C.** 

In the meantime no doubt many other lava flows might 
have come. Much of tlie heat of the lava would pn>bably es- 
cai)e upward, and since the specific heat and heat of evapora- 
tion of water is very great, and the diffusivity of lava small 
tin? water in the umlerlying l)cds miglit or miglit not l>e turned 
to steam. 



•Annual for 1903, p. 248. 
••Annuml for 1903. p. 248. 
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W'c had then at the close of the Ix)\ver Keweenawan period 
a series of many thousand feet of lavas containing here and 
I here streaks of hot water or vapor. These hot waters attacked 
tlie lavas and produced the chlorite and zeolites so characteristic 
of the melaphyres. At first the products of these reactions 
I)robably take up more room than the original minerals. 
Olivine changing to seq)entine and magnetite Van Hise* cites 
as giving an expansion of 30 i)er cent. And for a change of 
augite to chlorite, ejMdote, cjuartz, and hematite** an expansion 
of 8.58 i)er cent is estimated, and most of the changes of the 
alhite and anorthite molecules to minerals of the zeolite group 
are also changes which produce expansion, though few of them 
arc directly applicable to our problems. 

Hie net result of this first work must also have been that 
much of the water was absorl)ed. The deepest and freshest 
s])ecimens of the traps are hydrated, chloritic, so that what 
remained was relatively stronger in chlorides. There may also 
have l)cen some exchange of bases, but the older and deeper 
seated secondary minerals i)roduce(l by alteration do not contain 
sodium and in sections of trap from diamond drill cores the 
feldsi)ar is often cjuite fresh. The olivine and then the augite 
alter first. What sodium was absorl^ed, if any, most likely came 
from the glass. The chlorine does not come in any of the sec- 
ondary minerals formed and so nnist have accumulated and 
was^ either originally present in the water or in the silico- 
chloride glasses. lUit calcium carbonate which is insoluble in 
hot water, is foimd everywhere and to all depths and chlorite 
and ei)idote are c(|ually widespread auKMig secondary minerals. 
Thus since calcium occurs also in the glasses it would not be 
sate to venture any guess as la the original amount of lime in 
the connate water from that in the present nn'ne waters. 

With regard to the iron and magnesia dissolved at this 
stage, the iron may have partly l)een i)recipitated and may 

♦Treatise on Motainorphism, p. 388. 

♦*loc. cit. p. 378. 

X Apatite is not rocognizod in the lavas K^^noraUy. 
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have partly remained in solution, mainly as ferrous chloride, 
since it is ferrous iron that mainly occurs in olivine and augite. 
lUit the magnesium according to T. S. Hunt's reactions* would 
in the presence of calcium carbonate and silicate be thoroughly 
reprecipitated as hydrous magnesium and ferrous, more or less 
aluminous silicate. This is so characteristic of melaphyres that 
green earth (chlorite. dial)antite, delessite) has l)een taken to l>e 
an essential constituent. The mine waters, though nearly 
free from magnesium, may once have contained more in 
proiK)rtion. The ratio of calcium to chlorine in the waters 
originally may have l)een more or less than that now. 
since calcium has l)ecn taken up from the augite and 
thrown down again in epidote, etc., but in the waters 
of the deep mines the ratio of stnlium to chlorine was 
probably alx)ut the same since there are no secondary minerals 
in which sodium or chlorine have been precipitated and little 
or no s\g\\ of any change by which chlorine could be leached. 
The present ratio must l)e greater, if anything. So far as hydra- 
tion has gone on the concentration is likely to have increased 
unless affected by circulation of fresh water taken in at the 
outcrop. Cooling after the first stage of immediate reactions 
must still have gone on and the water enclosed must have 
shnuik, and if the rocks had already lieen so much cemente<l. 
that as they cooled they no longer settled so as to squeeze the 
water out, then — since for water the cubical expansion** and 

^Chemical and geological essays, pp. 138, 122. 
In hot solution CaCOa+MgCl, = CaCls+MgCOa 

CaSiOa+MgClj = CaCla+Mg SiOa. 
•^Chem. Cal. 06, p. 86. 
IVater. 
Between 100° & 200° Vt = Vo ( 1 +. 000 io82t +.000003 

t* ) 

75 100 ( I +.000086 t+.ooooo3 

t^ ) 

50 75 ( I +.000059 t-f- .000003 

t« ) 

28° 50° ( I + .000067! + .0000023 

t« ) 

For calcium chloride solution Oiem. Kal., '05, p. 83 
lU^twcen 31 & 34 V-— Val2<y ( i +.000438 ( T - 29) + ... 
Glass .oooo23t .00003 '^S* P- 82. 
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contraction by change of temperature is greater than for rocks* 
— there would have been a tendency to contract within the 
rock and draw in fresh water at the outcrop. 

Thus a drop in temperature of water frcMn ioo° C. 212° F. 
to 28° C. 82° F. would mean a shrinking of volume of some- 
thing like 4 per cent, while the contraction of rock for the 
same change would probably be less than 0.4 per cent. 

If now we assume some porous bed of the Lake Superior 
basin extending from Keweenaw Point to Isle Royale (say 
the Allouez conglomerate) to have a length of 60 miles across 
and the water therein to have contracted equally from both 
sides as it cooled then the early salt waters might have shrunk 
(.04 X 30 X 6280) about 6300 feet on each side. This would 
not be equal of course all along the outcrop. The relatively 
fresh water sucked in by this shrinkage would penetrate farther 
where topographic conditions and greater porosity favored it 
and then spread laterally. If any i>art of the formation was 
filled when buried not with water but with gas the shrinkage 
in cooling would \ye very much greater.^ 

Thus so far as the amygdaloids were buried with the bub- 
bles filled with gas only, and occasional bubbles occur scattered 
all through quite massive \yeds of trap, there are tremendous 
possibilities of absoq)tion. The regularity of this shrinkage 
and absoqnion circulation must have I)een interfered with in 
various ways. I^t us enumerate some of the factors, each of 
which will be effective only so far as other factors do not inter- 
fere. 

1. It must have been extensive in the most porous beds. 

2. But slide faults, seams or slips on pinches or anything 
that tends to check the continuity of the porous beds might 



♦Which is natural as the amount of heat given off In low^ing a 
Riven volume 1 degree in temperature is about twice as much 

1 F'rom 200 degrees to 100 degrees for instance it would be some- 

lljinir like 26o + "2t:^ ^ *"^' something like .'W per cent, of 

its volume. To this might bo added its condensation or absorption. 
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have cliecked this circulation as ilhistraled by the following 
fij;^ires 3 and 4: 



8ttrftic# 




FIGURE 3. IllUBtrates how a fault may cut off the downward circula- 
tion and upper deposition in a bedded lode. 




FIGURE 4. IHustratea how a "slide" may cut off tlie downward circula- 
tion in a vertical vein. 

3. Topognn>liic comlitions such as to produce an upward 
pressure or circulation will teml to check downward circulation 
es|)ecially in artesian iKisins or regions that tend to lx?come 
such. Tlie circuhuion may be active for a limited depth, how- 
ever. 

4. On the otiier hand l)eneath hiplier ground especially if 
so located .is to have water fe<l in freely at the outcrops there 
sluHild be an active downward circulation. 
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There seems to be one factor worthy of special mention. 
Wlien a I)ecl thickens away from the outcrop, and has but rela- 
tively small or thin porous areas at which it reaches the surface 
tlie tendency to suction of the upper waters along than will be 
exceptionally strong if the connections to the surface are kept 
open. 

II. We have then as our second stage the imbibition of the 
cooler waters from the surface ivhich may average several 
thousand feci and may be more or less than this according- to 
circumstances. This pnKCSs must have Ix^en ver}' slow as we 
know from hot springs that heat lingers around such enormous 
masses of volcanic materials for ages. 




Halt 



FIGURR 5. Theoretical circulation of water from beneath high ground. 

And this brings in a second stage of alteration, an altera- 
tion by descending waters, cither (a) the original connate 
chlorine waters migrating nearer the center of the basin, or (b) 
the same more or less mixed with waters drawn in from the 
surface. 'J'he pressure will increase. The temi)erature will in- 
crease decidedly when they travel in much faster than the for- 
mation is cooling and as underground temi)eratures always in- 
crease slightly, will increase anyway somewhat. Moreover we 
must remcml)er that these \\\)\ycv waters will l)e pulled in in 
streaks and sandwiched between quarry moisture of the deeper 
type in the less porous layers. 
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Thus along every ix)r()us channel on its f(x>t anil hanging 
will be contact zones of the upper water against the lower 
water, and this is precisely what we really find. 

This slow secular sucking of water on a large scale may 
take the place of Feniekes' rej>eated action of the same sort 
described above. 

Now what will Ix? the general tendency of reaction of such 
waters ? 

I . We may be sure that as they warm up they will tend to 
dissolve silica and cause it to migrate with them, but as it comes 
down into waters strong in calcium chloride it may be precip- 
itated (fonning prehnite, q^idote, etc.) if there is anjihing else 
to take care of the lime. 

2. Carl)on dioxide from the air, or from the rocks will, 
as in lx)iler waters, react with calcium chloride and be precii>- 
itated as calcite. 

3. Sodium carbonates and probably silicates will be be de- 
com|X)sed. if in contact with calcium and iron chlorides, and 
sodium chloride left in solution. ^ 

4. Sulphates will be precipitated in strong salt solution as 
barite, selenite, etc. 

But it is time to leave the purely theoretical and coimect 
with the actual. Real conditions are so complex tliat pure de- 
duction is unsafe, and it is by no means probable that the rela- 
tions are everywhere the same. 

I shall describe elsewhere somewhat fully the decomjwsi- 
tion of a Calumet & Hecla boulder. In this it apfiears that the 
abstraction of water glass (KXa)20 4 SiOj. the oxidation and 
addition of iron, the deposition of coi)i)er and of magnesia 
aluminum silicate seem ti> be the essential factors. One may 
|)erhaps add the formation of epidotc. 

1 will simply give a couple of analyses of altered boulders 
from the Calumet & Ilccla conglomerate, (3) by Heath, the 
other (2) by F. B. Wilson, and also (i) an analysis by F. P. 
Burrall. of the kind of rock from which they appear to have 
come judging from the remains of their texture and the por- 
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phyritic crystals therein, which are relatively unaltered. At 
any rate we may be reasonably sure that the original rock con- 
tained as much or more silica, and less of iron. 

Pumj^elly in Vol. I, descril^ed the alteration even of quartz 
l)oq)liyries in the same way. It is worth noting that these 
boulders are less silicious than the traps above and below, so 
that the alteration is not a mere transfer between adjacent beds. 

I. 2. 3. 

Silica 52.83 31.42 36.7s 

Alumina 16.30 16.83 1 27.34 

Ferric oxide 9.60 ^5-5^ > 

Ferrous oxide 2.48 12.08 ) 

Magnesia 3.98 3.36 23.24 

Lime 2.98 2.84 

Scxla 6.54 1.04 

Potash 2.49 1.04 

Water 2.76 14.52 11.07 

Manganese tr. tr. 

Titanium oxide n.cl 

Difference 0..04 0.34 1.6 

Sum 100.00 

In the Keweenawan igneous rocks we may make out the 
two stages of decomposition as follows : 

1. I. Primary reactions, glass decomposes, chloritic filling 
to cavities, ferric minerals (olivine, etc.) attacked. Chal- 
cedony, agate, quartz, delessite and serpentine, and epidote 
fonned; laumontite, thomsonilc and chlorastrolite in amyg- 
dules?, iron bearing red calcile, urthoclasc? and ankerite?. 
Some of these reactions may not I>e all primary. 

II. Secondary reactions. 

2. Prehnite, other kinds of chlorite, also epidote and quartz 
formed lime Ixjaring minerals dominant. 

3. Iceland spar (calcitc) and copper formed. 

4. Datolite, orthoclase, natrolite, apophyllite, analcite, and 
the sodium l^earing minerals, flucan. 

In the four groups above it must not be understood that 
the order is absolute but that on the whole the copper is most 
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intimately ass(Kiated with calcite, but at times occur sprinkled 
through the prehnite and q)idote as the contemporary. 

It is, however, true that the minerals of the last group are 
rarely if ever fomied before those of the earlier ones. It is 
underst(X)d of course that primary orthoclase of the original 
felsitcs may Ire and often is replaced by the others, and calcite 
occurs of all ages. An older calcite is often bright red. 

These studies are adapted from Pumi)elly's original studies 
of the order of crystallization, Volume I, part 2, p. 32, of these 
reports, with additions. 

Early. Late. 

Launiontite 



Quartz 



Delessite and chlorite 



Epidotc 



Prehnite 
Calcite 

red white colorless 

Copper 

Silver 

Datolite 

Analcite • 

Orthoclase 

Apophyllite 

Coming back to our idea of the sucking in of surface waters 
and picking out from the numerous ions existing in the waters 
only those most necessary to understand the reactions* we 
have : 

I. NajCOs + Ca CI2 = 2 Na Q + CaCOa 
CO2 + O + Ca CU = 2 CI + Ca CO3 

Good sized salt crystals have been found in the upper levels 
of the Calumet & Hccla and the middle belt of waters rich in 



*But not forgetting thst the presence ot other km9 toBy be necee- 
MU7 In order tiuit these reactions mty go on. 
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sodium chloride is tlius easily accounted for. Bi-carbonates of 
lime and magnesia might go farther down without being pre- 
cipitated thcHigh in stronger solutions of CaCl2 they are less 
and less soluble. 

2. NaCl + Al CI3 + 2 SiOa + Aq = Na Al SiaOg 
+ Aq + 4 CI 

This is merely a theoretical reaction that may go on mo- 
mentarily in the zones where the analcite, orthoclase and 
aix>|)hyllitc are formed. By slight changes the same type of 
reaction may Ixi made to apply to orthoclase and datolite. It 
is noteworlhy that this leaves CI in the downward working 
water. 

In the presence of salt (sodium chloride) iron tends strong- 
ly to rust, and salt and red rocks are everywhere associated. 
So with a reaction that produces sodium chloride it is natural 
to add one that i)roduces ferric oxide if there is any iron chlor- 
ide in the solution. 

3. 3 H,0 + 2 FeCla = Fe.fi, -f- 3 H CI 

Put the HCl of this reaction in the place of NaCl of 2 and 
combine 2 and 3 and we have a reaction that will produce the 
red Ihican clays. Il is noleworthy that the secondary orthoclase 
is generally reddish and brick red orthoclase and analcites are 
not unknown. 

Capt. J. Pollard has a pebble from the Calumet & Hecla 
dissolved out so as to leave a vug lined with beautifully crys- 
tallized ortheKlase and hematite. 

This reaction very probably does not take place except in 
the presence of other ions, but it went on as Fernekes' test with 
prchnite showed lo some extent under those conditions, as red 
oxidej> were formed. 

lUit reactions i, 2 or 3, or in fact any reactions in which 
chlorine is crowded out from union with chlorides must give 
us chlorine ions to migrate. Then this chlorine in breaking up 
iDiy silicates with the fomiation of silica will release oxygen, 
and may f«)nn ferrous chloride which in the presence of an 
excess ul oxygen may make ferric iron, or if there is no such 
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excess, may be oxidized as in Femekes* test, while the copper 
is thrown down in metallic shape. 

We also kfwzv thai the substances mentioned in the equa- 
tions exist in some of the upper waters, and that the minerals 
marked as precipitated are in fact precipitated in the upper 
levels and amon^ the late constituents. 

These reactions i to 3 also tend to produce an excess of 
chlorine* and in the presence of this chlorine copper cannot be 
de|)osite<l, nay rather copper already deposited would be dis- 
solved and moved on down to where the chlorine could be neu- 
tralized as in Fcmekes* experiments. But silver would I)e 
much less readily dissolved than copper and so would occur 
higlier up, as indeed it does, and when moved on would lag 
behind the copper and be deposited on it. This is also true. 
The Calumet & Hecla was distinctly richer in silver at the south 
upper end, and speaking generally the upper levels are said to 
be rich in silver. Thus in the process of down migration from 
the surface, waters which have undergone reactions i, 2 and 3, 
may give us : 

4. Cu + CI, = CuCl, 

and with more difficulty if already well saturated with CuCl,, 
and Na Q. 

5. Ag + a, = Ag a,. 

At the same time the chlorine set free in equations, 2 and 3 
will attack calcium carbonate if originally present and if by any 
displacement or change in circulation the calcium carbonate 
fonneil by e<iuation ( i ) should get back into the way. 

The reactions might be written in two installments. 

6. 2 CaCOa -f 4 CI = Ca O, Q, -f CO, + CaQ,. 

7. CaCOs + CO, + H,0 = (H, CO, + CaCO,). 

8. 3CaO,Cl, + 4Fea, = 2Fe,Os+ 4 CI, + 3 CaQ, 
Now siiKe it would be strange if there were not more or 

less carbon dioxide in the original lavas and buried waters and 



^I do not mean to saj that there te an exceee of dilorine in the 
wmten. There is not Nor does the chlorine exist free except in lonie 
electrolTtic dissoeiactioii so thni tl sen mifrate4 
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more or less calcite also in the sediments, we may expect to find, 
as we do, native copi^er and calcite which may have been formed 
earlier and diswsolvcd and driven ahead of the chlorine. 

While therefore generally speaking the copper is earlier 
than tlie alkaline zeolites. I have seen one specimen, said to come 
from the Osceola amygdaloid in the Centennial mine, which 
Seemed to have copper moulded around rectangular needles of 
natrolite. 

Such reactions are entirely explicable on the hypothesis of 
migration and removal downwards. 

They also give a chance for oxygenation ivhaievcr chlorides 
arc formed from silicates. 

These reactions 6 to 8 are only ideal ones to show how 
the chlorine may be pushed on as the iron oxidizes. 

If we attack tlie bi-carbonate product of reaction 7 we 
liave : 

9. (H2CO3 CaCOs) + 3 FeClg + 2 CuClaOa = 

FeCOa + CaCO., + FeoOg + 2 CaClg + H2O + 
6 CI 
Rut in the presence of a large amount of chlorides and very 
little COm according to the principle of mass action the COj is 
more likely to go into solution. 

10. 6LCO3, CaCO,,) = CaCO, + CO2 + H2O. 
Such reactions may suggest the nieth<:)d of formation of the 

red calcite and red ankerite, which are as we know relatively 
early products of alteration, and also show how acid ions are 
continually shoved ahead to find new afiinities. 

The copper is readily dissolved by the chlorine and in any 
such reaction will be dissolved to be precipitated, as in Fer- 
nekes' experiments, in presence of a stronger neutralizing 
agent. 

In these exi)eriments, sodium carbonates, calcium carbonate 
CaCO.j and silicate C'aSi ();{, wollasionite, prehnite ILCag AU 
Si:.p,o and dat(»liie II Ca !> SiCX were used. Judging from 
what we see in nature, and the minerals c^)i)])er replaces we may 
be sure thai clilnriic- and epidnte very often, even laumontitc and 
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quartz soiiietimes, should be added to the Hst, and in fact 
almost iwy rock, for great masses of trap and solid pebbles of 
conglomerate may be changed to copper. Tlie reactions are 
ones of eciuilibrium with a large number of ions. Take the 
simplest : 

11. CaCOj + FeCls + 2 CuCl + H^O. ? 
The products are : 

in solution + ions Ca (comes in), Fe, Cu (goes out), H; — 
ions CO3, CI ? OH , FeOg. Besides this there are at various 
temi)eratures and concentrations, various amounts of undis- 
sociated salts, and possibilities of ions like OCl and Fe O3. 
The general effect of dissolving CaCOj it to add a strong -f 
ion and a weak negative ion. One way to keep balance in the 
solution is to eliminate some other + ions, which may be and 
is accomplished by precipitating the copper, and also by con- 
verting the + ions Fe into negative FeOg. If it were not for 
the possibility of using the O of the— ions CO3 and CH in con- 
verting the + ions Fe into a — ion FeOs which is the kind of 
change needed to restore equilibrium, the copper ion might 
take CO3 or the O of the OH with it. This is what presumably 
happened in the Allouez conglomerate at the Allouez mine 
where cores of native copper are surrounded with oxides and 
carbonates of copper and chrysocolla for quite a depth. This is 
exceptional, however. The zone of carbonates is extremely 
shallow generally and native copper often occurs "at the grass 
roots". 

The same principles apply if for COs we write SiOs*, and 
so with the attack on prehnite. 

12. HjCa, SisOj, + CaQ, + FcQ, + CuCl +H, 
will result in a solution of 

+ ions Ca. Fe Cu H, (AlO,?) (Si?) 
-ions SiOs (FeOj?) (MO,?) Q OH 



^Though there Is the poMibilty of the formaitioo of oompoands 
like SICl and SlPe which account for the solution of pure quarti. 

though, rar^y. with difficulty, and as a last resort There must be a 
relatively large amount of cuprous chlorMe itnd little siUcm In solution 
In order to favor this reaotkm* 
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As the Ca conies in the Cii drops out. It is not certain just why 
the Liuniontite does not precijMtate the copper so readily as the 
prehnite, thoujfli the fact is clear lK")th naturally and artificially. 
That it has less of the stronger bases + i^ns like Ca and H and 
more of the ~ ions (even though weak) like SiOs and AIO3 is 
sipiificant. The formulae are: 

Prehnite HoCao AU Sig O12 

Launiontite Ca AU Si4 Ojo + 4 Aq 
The solutions obtained in dissolving laumontite would be much 
richer in alumina and silica and thus in oxygen in proportion to 
lime. This niiglit tend to favor the direct oxidation of the ion. 
Red colors are associated with launiontite. 

With the ver}' common feldspar (AboAn3)i.or labradorite 
the change to prehnite and epidote is very simply written. 
AboAn, = 2 (Na.O AlgO., SioOiJ + 3 (CaoAl^ Si4 0,c = 

2 NaoO CCaO 8 AI2O3 24 SiOo 
add 8 H2O + 10 Ca and subtract 2 Na2 and we have prehnite : 
8 H2O 16 CaO 8 AI2O3 24 SiOo. So that this would mean 
simply the replacement of Ca by Na in the mine water, and its 
concentration. 

The formation of the cpidotc is of considerable importance. 
Its fonnula is : 

Epidote H Cao (Al Fe^ 0*023) SigOij 2 

Prehnite H.Cao AI2 SiaOjo 

As compared with prehnite the difference is that there is 
less hydrogen, considerable ferric iron (about 10%). There is 
no reason why it mij^lit not act as a i)recipitant of the copper 
just as we know^ prehnite does, but less readily as there are 
fewer + ions. 

There arc two kinds of epidote, — a pale colored zoistic 
kind which is formed in the decomposition of the feldspar and 
a deeiKjr colored epidote* which is the commoner variety and 
no doubt is richer in iron. The epidote is very commonly as- 



♦Thalllte or ulstazite. yellow in thin section, deep yellow green. 
Volume VI, Part 1, p. 166. 
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sociated with chlorite in sharp crystals. The chlorite takes in 
magnesia an4 ferrous iron, but not willingly or to any great 
extent lime and ferric iron. Therefore in the hydrous decom- 
position of the augite. the lime, alumina and ferric iron of the 
same are precipitated in epidote as the solution gets over loaded 
with lime. This early epidote is formed before the copper and 
is ver>' wide spread where there is no copper, and is almost as 
wide spread if not quite as abundant as the chlorite. 

Kpidote also, however, occurs replacing the whole mass of 
the rock. In this case the feldspar and glass of the amygda- 
loid are also decompKxsed. It we compare the formula of epi- 
dote with that of feldspar we see at once that there will be 
silica left over* in its format icHi. And if we take the trap as 
being roughly** CaO, MgO (Na^O FeO) (FeAl), O3 
4Si02 and suppose it decomposed into 
chlorite = (2FeSi03), Al,Os, 3 SiO^, 3 Mg (OH),, Fe 
(OH), and epidote = (AlFe^jOa 3 SiO,, CaO, CaOH we 
see clearly that there must also be as in the Calumet & Hecla 
l)el)bles. Silica (quartz) SiO, and soda NajO to be ac- 
counted for. We do as a matter of fact find quartz commonly 
associated with epidote and chlorite but often later, the sodium 
silicate being quite soluble, but precipitated by calcium chloride, 
giving calcium silicate for epidote. 

In the lower part of the lava flows, the hanging of the 
lodes, there is an accumulation of the lime and iron, while at 
the top. which is the foot of the amygdaloid lodes there is more 
sodium (feldspar). Nevertheless generally speaking the 
hanging is chloritic, the foot and the amygdaloid itself more 
epidotic. 

The lime and silica are always abundantly present and the 
more important conditioning factors seem to be the presence 



* H Ca, (AI Fei,)2 Si,0„ epidote 
Ca, (AU Si^Ou 
Na, AI, SieOj. 

••Proc. L. 8. M. I.. Xn, p- 85. 
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of alumina, and the accumulation of oxygen to oxidize the 
iron. 

This might very well go hand in hand with the formation 
of copper, and indeed it does, if only the physical conditions 
were such (as in.Fernekes' tubes) that the oxygen derived 
from the decomposition of silicates by chlorides was prefera- 
bly employed in building epidote. On the whole, however, 
epidote is vastly more widespread than copper, that is in the 
attack of silicates the oxygen was in most cases provided for 
change from the ferrous iron of traps and chlorites to the ferric 
iron of the red amygdaloids and epidote without reducing the 
copixir. 

Of especial importance is the role of the chlorite family for 
tlicy are so widespread and often replaced by copper. They 
have had a great many fonnulae assipied* but the essential 
thing to remember is that they are a hydrous alumo magnesian 
silicate with the magnesia always largely replaced by ferrous 
ferrous, 

Tlie chlorite naturally forms first in the hydration of fer- 
rous minerals like olivine and augite. But that is only the be- 
ginning of the story. Chlorite is attacked by chlorine and 
II CI, and as soon as corrosive chloride solutions reach a deles- 
site, that bears ferrous iron, they will readily attack it. It is 
not uncommon to find amygdules that look like solid copper 
but are a fraud. They were coated with delessite and then 
this has been attacked and replaced by a thin film of copper 
that coats around the outside of the amygdule as though it 
were the first formed. 

So the early chlorite is very apt to be attacked by the 
migrating mine waters. But the mineral brought into solution 



♦Besides the chlorites proper, mainly a combination of a 
serpentine molecule H4 Mga SioOo with H^Mgo AI2 SiOs we 
have delessite H4 (MgFe)n AU SioOn and diabantite 
(ILO),, (MgO)o3. (FcO),;(Ai:03)n (SiO^)^!. Acorn- 
ini>n tvpc Iff analysis would Ik SiO» 30. AI2O3 13, FeO 25, 
MgO 20, H2O 10.' 
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cannot remain in solution. Hunt has remarked that magnes- 
ium chloride is precipitated by calcium silicate and carbonate 
f|uite completely, and there is very little magnesium chloride in 
the mine water — barely a trace. It seems, therefore, that the 
magnesium chloride is thrown out again as chlorite as fast as 
it is brought into solution, but with this difference, that if there 
is copper chloride present a proportionate amount of ferrous 
iron remains i)emianently in the form of ferric in>n, either as. 
hematite or epidote. while the copper takes the place of that 
much of the chlorite. 

This may be written (remembering that all the magnesian 
part of the chlorite and most of ferrous remains chlorite), for 
the fraction of the chlorite that reduces the copper, and the 
fraction of the epidote which has ferric iron. 
3 H^Fej AljSiOu + CaClj + 5 CaCl, = H, Ca^ Fce Si^ 
0,0 + 6 AlCl, + 5 Cu + 5 H,0. 

The aluminum chloride shown in this transformation from 
chlorite to epidote has probably been used in making more 
chlorite out of relatively not aluminous minerals like augitc 
and olivine. 

Tlie latter seems to be the reaction at lower levels, and may 
be the source of much of the chlorite on veins, joints and fis- 
sures. 

We have now it seems to me reactions enough to account 
in principle for all the phenomena of the copper lodes, without 
supposing anything unlikely in the course of circulation, the 
elements previously dissolved, the character of the country 
rocks or the temperatures, while there is yet very much to be 
learned with regard to the relative solubility of the ions con- 
cerned. • 

Pumpelly*s theories seem to be altogether confirmed except 
that chlorine rather than sulphuric anhydride was the acid rad- 
ical. 

It is perfectly possible to conceive a formation of copper 
with no surface waters concerned. 

Take a glass with an ophite composition in the presence of 
water, say 
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CaO, MgO, (aNa^O bFeO cCuO) (clAl^Oa eFejOa) 4 SiO, 

a + b + c = I 

d + e =1 
add enough water xr==~-+-|- d'j H2 0= 

We have: 

dCH^Mg (AI2O3) Si04) (chlorite molecule). 

^ — (H4 Mg3 SigOo) (serpentine molecule). 

2— (H2 Ca2 (2e + b FegOa) SigOia) (epidote). 

+ a (Na.jO, 4 SiOa) (water glass in solution.) 

+ ? (d 2/3 2d/3 3'^2 4a ) SiOg (quartz). 

+ c Cu copper, 

if c = 5^b and if not, we can simply leave a certain amount of 
the iron in the chlorite molecule. 

The accumulation of sodium silicate in solution as in the 
change of the Calumet & Hecla pebbles is noteworthy. This 
will in turn react with calcium or ferrous chlorides, leaving 
sodium chloride in solution. But to have valuable accumula- 
tion of copper there must be not merely the decomposition of 
the rock and the concentration of the copper near by but a con- 
siderable migration, since the rocks on the average run only 
something like 0.02% of copper. Unless, therefore, there was 
a migration of the water it could only take a little fnmi the 
rocks or add a little to them until equilibrium was established. 

But it is probably true that in nature the chlorine waters 
act not merely locally but on a large scale in their slow mig^- 
tion tending to sort and collect the different ingredients, the 
arrangement being similar laterally and vertically, but differing 
somewhat according to the temperature and pressure in exact 
composition. For instance epidote might be formed in depth 
where in the presence of a water of corresponding concentra- 
tion near the surface the oxidation of the iron oxide would 
lead directly to hematite and red clays. Nearer the surface too 
there might be more CO2 and the lime go into carbonates. 

Thus the surface lateral alteration from the main channel 
of porosity and the downward succession arc not exactly the 
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same and the zones of formation of the minerals do not run 
exactly parallel everywhere. Cross fissures, sliding and slip- 
ping, the varying chemical character of the different flows, the 
varying amount of water originally in the beds, — all these are 
factors of which account may be taken in explaining the gen- 
eral trend of events, which may be summarized in the follow- 
ing diagram. 

The main purpose of this rather long discussion is how- 
ever to show that in the secondary changes of the mine waters 
and in all the reactions leading to the deposition of copper 
there is an accumulation of sodium in the mine waters, the 
same accumulation which we find actually has taken place in 
the upper part of the lower waters. 

After the copper is formed the sodium accumulates to such 
an extent that sodium minerals are precipitated. 
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FOR CONVENIENCE THE DIP IS TAKEN AS VERTICAL. 



Generally feldspath- 
ic footwall. 



Surface previous lode 



Generally augit- 
ic hanging wall 



Ferric zone. 

Surface decomposed 
zonefull of fractures 
and of water coming 
from the surface 
only a few feet deep. 
Red colors — amyg- 
daloids, hematite 
formed. Soda zeo- 
lites may be formed. 
Ferrous zone. 
Copper is formed or 
accumulated in a 
zone laterally and 
downward where 
the tendency of the 
copper to be attacked 
is neutralized l)y the 
supply of decomposi- 
ble silicates, chlor- 
ite, prehnite, etc. fer- 
ric iron present built 
into epidote. 
Marly alterations, 
water absorbed, feld- 
spar and augite and 
olivine changing in- 
to epidote, chlorite, 
and serpentine. 
Glass decomposed, 
partial amygdaloid 
filling original CO2 
^■ives carbonate, 



Water largely circu- 
lating fresh Na : CI 
more than .65 chlor- 
ine less than 200. 
Carbon dioxide 
from surface fonn 
carbonate. Chlorine 
increases by diffus- 
ion, but sodium both 
by solution and dif- 
fusion of feldspars. 
Copper di s solved 
and carried down by 
the chlorine released 
in the formation of 
hematite and soda 
zeolites. 



Water, almost stag- 
nant, gets stronger. 
The proportion of 
sodium falls as with 
depth it approaches 
the original water 
down to Na : CI 
(.07). 

Chlorine soon meas- 
ured in per cents, 
maximum 17.6 
grams per liter. 
Generally augite 
Hanging wall. 



Much like the 
foot but more 
chlorite and au- 
gite less epidote 
and feldspar. 
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IRON COUNTRY WATERS. 

The iron country waters are on the whole fresher. I think 
though they are so much less deep that it is hard to make com- 
parisons. This may be due to more profound downward cir- 
culation, but I think also to the fact that the associated rocks 
are not so subject to hydration as the Keweenawan traps. Yet 
ihcy arc more or less hydratccl, the dikes on the (loj^bic chanjj^- 
ed to Kavlin and the Ishpeming diorites or amphibolites to 
"paint rock" and chlorite schists. 

Years ago I suggested* the derivation of iron ores directly 
from these altered igneous rocks, very much as the iron has 
accumulated in the Calumet conglomerate pebbles whose 
analyses were above cited. But while it is generally accepted, 
for instance by Leith in the current volume of Economic 
Geology, that the iron ores have been derived from the green- 
stones, it is altogether likely as he holds that the larger de- 
posits have been formed by the accumulation of these leachings 
in the water, whence they precipitated, most likely, according 
to the analogies of present hapi>enings with the assistance of 
some lowly forms of living matter. But in some cases the iron 
ore directly leached from the greenstone formation ( Kewetin) 
may have replaced some limestone or chert. 

Finally these beds have in some cases been leached again, 
and still farther enriched by waters circulating from the pres- 
ent surface. How important this enrichment from the pres- 
ent surface is remains to be seen, so far as one can judge it is 
the dominant factor on the Mesabi, but it may not be so every- 
where. If we should find iron ore deposits continuing in unim- 
paired richness to a depth where the strongly saline character 
of the mine water was such as to show that no great circulation 
of fresh water from the surface was now taking place we 
should have to infer that enrichment relative to the present 
surface was relatively unimportant, or that that there had been 
a diffusion of these salt waters into the ore bodies laterally or 



•Annual Report 9Ute Gcolog:iat of Michigan for 1892. p. 181. 



1^2 MINE WATERS. 

upward since; they were formed, or that we are entirely mis- 
taken in our idea that chlorine is not readily leached from the 
rocks. 

The pebbles of iron ore found in the Upper Keweenawan 
conglomerates, and in Huronian conglomerates as well, show 
that part of the iron ore formation took place at a very early 
(late. 
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THE HYDRO-ELECTRIC PLANT OF PENN IRON 
MINING CO., AT VULCAN, MICHIGAN. 

Bv TuoMAS W. Orbison, AppletoNi Wis., and Frank IL 
Armstrong, Vulcan, Mich, 

fn iR/zt the Republic Iron Co,, installed a hyclnvpneuinaiic 
plant on tlie Mkhigamme river, with transmission of at^^ut 
one mile, to furnish power for Ihe a|3cration of the Republic 
mine. Five years later the water power at the upper Quin* 
nc*^*c Falk on the Menominee river was iniprmed with the 
in^tallatiiin of an air C(>nipres!^ir plant, the transniisjiion being 
3l>out 3J^ miles to the Cliapin, Ludington and Hamilton mines 
at Iron Mountain, Mich. 

These plants have lieen in successful operation all this time. 
Up to and until about one year ago they were the only w^atcr 
powers in all the I^ke Superior district being utilixed for min- 
ing pUTi*>ses, notwithstanding the alntndant tributary water 
power on the one hand, and the enormous consumptitin of eoal 
reipiircd for [Mnver, on the other. 

Though there are many reasons for the slow flevelopment 
of these water powers, the chief one has been »he lack of a sal* 
is factor)^ meiltum of transmission, applicable to I lie successful 
ojieraiion of mining macliinery, and econivniicat in cost. Com- 
pressed air, as a medium of transmission meets the first of 
these requirements and is indispensible in mining operations. 
1 lie cost, hi>wevcn is great under favorable conditions, and 
increases rapidly with the length of the transmission* 

The mine operator, therefore, has been watching with 
great interest the wonderful progress made in the last few 
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years in electrical transmission, and tlie application of this 
power to his requirements. 

In the fall of 1904 the Penn Iron Minijig Co. Vulcan, 
Mich.* hegan an investii^ati*)n of their water jKnver at SturgTeon 
Falls on the Menominee rivTn Mich., to ascertain the amount 
of ix^vver availal)Ie, the pnssihle plans for its cleveli^innent an<l 
transmission by means of c(>mpressecl air wr electricity* anrl the 
application of the power to the operation of the mines, at Vul- 
can, alKHit three miles from the falls. 

AMOUNT OF POWER. 

The Menominee river has a drainage area at Sturgeon 
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FIG. 6 

Falls of 2929 square miles. The average annual rainfall is 
31.15 inches. The run-oflf, in ordinary low water, is estimated 
at 1266 second feet,- The available head is 25 feet. There- 




is for a dam located further down stream on the top of the last 
pitch in the rapids^ with a canal through a depression, leading 
the water to the forebay. The latter plan was adopted, because 
the estimates showed that its cost would be less, even with the 
longer and higher dam, and the longer dam would provide 
more spillway for the disposal of flood water, and facilitate 
the handling of the saw-logs that are floated down the river. 
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THE MEIJILM OF TRAKSMISSION. 

In discussing whether to transmit by compressed air or 
electricity* four things were considere<l: First cost, efficiency* 
net saving, and reliability. 

First Cost; Carefully prepared estimates showed that tlie 
installatiffii by compre*ised air wtmld cost 14 ]>er cent nn*re 
than the electrical installation, inchiding all changes for the 
mining mactiinery. 

In a new installation, requiring the purchase of all the ma* 




chinery at the mine, the jiercetitage in favor of electricity 
would be vcrj' much greater, 

Hffidenfy: ITie divi^in of power used at the VuKan 
minc!i, at the lime nf the investigation was. 

Fur pumping water, 744 per cent. 
For compressed air. 12.2 |>er cent. 
For hoisl, etc.* 13.4 ptt cent* 
Three maniifacturers of eleinrically <Iriven turbine pumps 
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made propositions guaranteeing an efficiency of over 6o per 
cent., and in our invest igationSi we assumed that efficiency. 

It was estimated that it woultl require 54 per cent, more 
power to tlo the required work with compressed air, than if 
electricity was used. 

Net Saving: The saving in fuel lafjor and maintenance 
was estimated to he sufficieut to warrant the expenditure. The 
estimate showed that there was very Httle difference in the 
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FIG. 10 

saving in the two methods of transmission, except in the effi- 
ciency as stated above, 

Reliability: The experience of the last few years has 
proven that in its manufacture by water power, electricity is 
even more reliable than compressed air. In the application to 
the operation of mining machiner>% compressed air had l)een 
proven to be very reliable, while on the other hand electricity 
had been almost untried. 

.\t East Vulcan there was 700 gallons of Avater per minute 
to l>e raised looo feet. At West Vulcan iSoo gallons per 
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inituite to be raiiietl 1200 feet, riic luqtiify failed to \iKatt an 
instance where such vohinies of water had been taken care of 
with turbine pumps under like beads, or an installation of suf* 
ficicnt size to estal>Hsh a precedent. AUhini^h cotifitient that 
the tyrbine pumps wcnild eventually do the work, the (|iie^tion 
was, wDuUt it pay to undertake the extjerimcntal stage thai 
seenie<l unavoidable. 

There was also s<»ine appreliension as to the reliability of 
electricity applied U* tlie i>i>erali**n i>f hoislinj^: cng^ines. 

The facts as above staled, were sulmiitted to tlie en^ineen* 
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of the comfiaiiy in ilie ILa*t, in July, 1905. At tlii;^ ci>nfereiicc» 
for the reasons ab)ve dted. and for the reas4>n that at limes of 
low water the mines would ref|tiire tlie full fiower with a most 
efficient installation and iransmissiim, it was decide<l unani- 
mciusly to recommend the iint)r\>vement of the water power 
electrically, and that it be applied to all departments of the 
w*ork, including turbine pumps and geared hoists. 
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CONSTRrCTION. 

]n August the work was authorised and operations were 
commeiiced at once. Little was done, however, until Seplem- 
ber, except in the luiprovement of the road leading ta the fallst 
and the htiikUng of camps for the laborers. 

Figure 2 is a photograph of the river on September 28, 
when the first cribs for the coffer-dam were being located. 
This shows in the immediate foreground the location of the 
dam, in the upper right-hand comer the concrete mixing plant. 
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FIG, 12 

and in the center of the picture, the entrance to the depression 
through which the canal was excavated. 

Figure 1, already referred to, shows in heavy lines the gen- 
eral lay-out of the dam, guard locks, caital, forel>ay and power 
house. 

Figure 3 is a plan of the dam with elevation and sections; 
it also shows tlie log sluice and fishway. 

Fi^ire 4 is a detailed plan of the guard lock, hy m^ang of 
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which ihf amount of water let itito ihc forcbay is rcjjiilatcd ur 
entirely cut ofF. 

Mgtirc 5 shows the |>lun and sections of the (x^wer hoosc 
ami tl limes, arul the tocatif>n tA tlie niachinerj' iiistallcct 

Figvirc f> is n picture taken 1 Jcccinl>cr 4, 1905, showing the 
derrick Iiy which the rock fcjr the concrete work was raised 
from the cut for the canal to the cnisher: the cotierete miKer; 
the Iiojler plaiTt; the cenieiit Ivouse. <ind in the forcgnntnd the 
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track for the cars, tiy wlrich tlie concrete was dehvcretl to the 
dam. 

Figiirrs 7 aiid 8 are phtHographs of the dam taken Jan* 
war)' 6, 1906, and after it was entirely completetl 

Figure 9 shows tlie river alune the dam, and a portion of 
the guanl lock at the emrance ti> the canal 

Figtircs 10, i t and 12 are photographs of the power hotisc; 
the first showing tlie fomis soon after tlie omcrcte work was 
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Started : the sectiml when iht- ilumes were nearly completed ; 
ami the third after the work was tlnislied. It will he noticed 
that there is an angle m the power house* The reason for thU 
is that the jxiwer hoit^^e and flnnies are fouiided on fwihd rcjck» 
and this line was adopt eil to confumt with the natural contour, 
and thereby save a lar^ quantity of excavation* 

Figure J 3 is an interior taken recently. 

The dam w^as n^nipletetl iti tlie latter i>art of January, igoG* 
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the jKiwer house late in the fall of the same year, and the ma* 
chinery for the lir!*i unit was installed in tlie winter of 1906 
and Kjcij. ITiis rimt unit wa^i jitartetl on March 22nd, 1907, 
and the frin^t fiower UM?d at the mines April 27th, and the plant 
lias been in continuous oiJeration ever sincet 




FIG. 16 



Of the two commercial cycle systems used in this country, 25 
and 60, the latter was adopted because the pumps had to be_ 
run at about 1200 revolutions per minute. 

Since starting the first unit there has been installed a motor" 
driven pump for delivering water to the three dwelling houses, 
provided for the operatives, a small motor compressor for 
cleaning the generators, and a motor driven exciten 

The 1500 K. \\\ generator built by the General Electric 
Co. is r^ted at 132 amperes with 660 volts. This machine has 
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Ijeen nin for ten hours with a current load of between 200 and 
250 ampcrc!* and voltage up to 7300, At times the load was 
275 amperes. It has carried these heav*y overloads without 
giving any trnuUle whatever. The water* wheels have worketl 
jierfectly and tlic I^^nihard giwernor liolds the speed as con- 
stant a^ could 1>e desired. 

There has been no trouble with ^'frazil*'^ — or "anchor ice,** 

Recently the second unit has licen installed^ coni^isting of 

a duplicate line of water wheels, direct connected lo a 2000 
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kilowatt generalon furnished by the Westinglioitse Electric & 
Manufacturing Co., which will be operated in synchrmiism 
with the first unit. 

TRAKSMISSION LIKE. 

Figure 14 is an outline map showing the river, the trmns- 
mission Hne to the Vulcan minej and the location of the sub- 
stations* 
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eOtOOO volts, and are good for a line voltage of 23,000 volts, 
three and one-half times the voltage now in use i\ e., 66cx>. 
The wires are spaced three feet apart. 

fiUB-STATIONS. 

There are at present two sub-stations practically the same ; 
one at East Vnlcan and one at West Vulcan, They are buili 
of brick, approximately 20 feet long, 9 feet wide and 20 feet 
high. The following describes the West Vulcan station. 

The transmission line enters at one end throu^i thr^e 
Locke porcelain insulators which are supported by slate panels 
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one and t>iie-half inches ihick, 19 incbes sqttarc, btiilt into the 
brick work of the eml wall- Fnm^ ibew in,sii1aiors ihc Hne h 
led tti rough disconnector switches and choke coils (which are 
shown at the top of Fig, 15) to a high tension oil switch 
mounted in a brick cell (shown at the bottom of Fig. 15), 
Uiglitning arresters are connecteil to tlie hne above the ch*>ke 
eoils (shown in tlie center of Fig* 15.) From the high teiisitm 
switch the current is carried to three step down transfomiers* 
which reduce the voltage from f/joo to 2200, Three 500 KM\ 
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FIG. 19 



transformers are used at West Vulcan, tliree 300 K. \V, trans- 
fonncrs at East Vulcan, 

The 2200 voU current is carried to the switch board 
shown in Fig. 16. The iwinel *>n the left fit the su!>*station 
panel The larger handle on this panel operates, by a system 
of levers, the higii tension switch in the sub-station* The 
smaller switch on this panel ojierates an oil switch throtigh 
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Open the switch in case of a heavier overload than is desired. 
The point of release is adjustable* A ground detector hangs 
on a bracket to the right. 

The switch l)oard at East Vulcan is the same excepting 
that it has one less panel, 

HOISTS, 

One hoist at each mine is motor driven. They are of the 
double drum geared type. The hoist at West Vulcan has 
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dntfii,s %2 ft. in diametcn I1ic iiinum shaft runs at 56 revolu- 
tions per minute, the drums at 17.3 revolutions per minute 
with A huhlmg sj^ieed t»f 652 feet fief mitiute. The molur is 
cunnecle<l to the piniofi shaft by a rope drive built by the 
Dodge Manufacturing Co. The large rope wheel is 22 feet 
in diameter and the motor n>pe wheel 42 inches in diameter 
li-Hing 24 turm (>f one inch rope. American nyj^tem. It was 
impossible to get more than 25 feet between the centers of the 
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mi>tt»rs and the pinicHi shafts, which necessitates a deflector 
pulley as shown in figures 17 and 18. 

Tlie iiii>ic>rs arc General Klectric company's 2200 voll, 200 
HP. three phase, form M, imluctioii motors nmntng at a 
synch rontms speed of 360 revolutions per minute. ITic fly 
wheel of the engine was taken off and tlie connecting rod of 
the engine discoiuKcte*! frtHti the crank pin. To change back 
in a steam driven hoist » it is only necessary to put on the con* 
itecting rod — (if teen minutes work. 

Tlie energy of the revolving parts, varies wttli tlie weight. 




FIG. 22 

volving parts in slowing up from full speeil to slip speed or 
fuH load speed* (which is 4 percent less) is enough to acceler* 
ate the drum, skip» rope and load, thus giving no peak load in 
starting. At East Vulcan the skip carries 5800 {xiunds of ore 
with a total load of 14400 pounds and the length of hoist is 
abotit 1250 feet of which 1050 feet is in a vertical shaft. 
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These hoists have bccti running over a year and the same fibre 
ham! on the friction clutch is still in service and in good con* 
dition. 

iMj^ire 19 shows the panel, with Xhe oil switch and the 
ammeter « ami lielow it» the ccmt roller. At the right and left of 
the controller are the hand wheels operating the f rid ion 
clutches and the brakes. At the right of the oil switch is the 
hand wheel oj>crating the ihriiltle valve oi the enj^ine when 
using steam. 

In new hoisting plants the steam engine w*ouId of course 
lie omit led. 

Back lialanee drums are to l>e used to counter4)alance the 
weight of ilie skip or cage anil the rope* There are to be two 
tai>eretl drums for each skip or cage to Ixr balanced* the ro|ie 
from one leading to the hoisting drum* and the nijK from the 
other leading t(» r cuuntcr weiglit in the shaft. By the use of 
tapereil drums the varying weight of the nvpe h balanced so 
that the unlKilancel load at any point is only enough to pull the 
drums arouiul Back balance drums on this principle arc in 
tisc at die Republic mine. 

For pumping, three eight-inch turbine or ccntrifugtd pumps 
are in use* Two are at West Vulcan and one at East Vulcan. 
They nm atKnit 1200 revolutions i>er minute and were designed 
to deliver cjoo gallons of water jicr minute but they have a 
range of from 500 (o i -250 gallons |ier minute each. 1 he suc- 
tion lift is alHHit 20 feel and the ilischargc head itichiiling fric- 
tion alKiut 1275 fce4. The punifM^ were huiit by the Henry K. 
Worthington Co. and arc driven by 450 H.P* Gaicral Elec- 
tric Co* 2200 volt induction motors, 

These pumps are divide*! into two parts with four stages 
on each sitle of the motor as shown in Fig. 20. The suction is 
at the right from whence the water passes to the center of the 
first impeller (shown in Fig. 21 ) is thrown out at the circun> 
fcrcncc into a channel ring (no< shown) aiuT led by diflfusion 
vanes (shown in Fig. 21) to the center of the next imiieller. 
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It travels thus throtig^h the first section of tlte pump toward 

the motor from which it is led by a pipe to the further or left 
end of the second si^ectiim. Here it travels the same ctmrse 
through four impellers, channel rings and diffusion vanes, 
again toward the motor. In other words, the water travels 
in opp<3site directions in the two sections of the pump. The 
motor shaft is connected to the pump shafts by split sleeve 
cnupling^. making a rigid connection between the pumps and 
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FIG. 23 

the motor. This allows one section of the pump to help bal- 
ance the end thrust of the other section. On the suction end of 
I he pump the shaft is fitted with a marine thrust bearing 
(shown in Fig, 21.) On the other end is fitted a water step 
bearing. The impellers are of bronze and the channel rings 
and diffusion vanes of cast iron. The casings are of cast 
steel. The shaft is nickle steel 3^ inches in diameter* Where 
It goes through the pump heads it is packed with a fibrous 
packing. At these points the shaft is protected by a steel 
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hiisliing which can be rctiewetl when woni# and iherc are brass 
bnsliin|(s where it goes through the diffusion vanes* The hubs 
tif the impellers are also bushed where they enter the diffusion 

The quantity of water is varied by sitnply closing or open- 
ing a gate valve on the suction of the pump* The pumps when 
in giH>c| unier with f^xi gallons of water i*er minute have given 
efficienc)^ tests as liigli as (id jier cent. This is from the current 
tielivcrcd to the motor to the water -ilelivcred at the top of the 
jihaft. 

The water is measurecl by means of a vertical knife edge 
orifice. At West Vulcan this is seven inches in diameter, lite 
f|iuinttty of water flowing througlt an orifice varies as the 
scjuare root of the head of water above the center of the orifice. 
For rectirding this liead a Bristol reci^rding water level guage 
is used, which records with very great accuracy a variation 
in head of one*teiitli of a f«3ot. The chart is a weekly one, 7 
inches in diameter^ so that every chart shows the actual am«>unl 
Mf water pumiied f*ir that week. (Fig, 22). 'Hie water at 
W est Vulcan has decreased from 1800 to 90a galtiins |>er min- 
ute since the original estimate three years previous. 

At West Vulcan two Ingcrsoll-Scrgeant piston inlet, rope 
driven duplex comi>cjund ccnnpressors are installed — size 35*4 
inches and I2}4 inches by 4a inches. The rated capacity h 
3(10 culwc feet of free air per minute* The rope wheels are 
J 8 feet in <liametcr grooved for tw enty-four one and one*fourth 
inch ri>pcs, Tlie motor pulleys are fifty-two inches in diameter. 
Deflector pulleys were requirctl here also because of the short 
centers between motors and crank shafts. 

One of the motors is a General Electric Co, 450 HJ*,, 
2200 volt form L. M. induction motor running at 300 revolu* 
tions |Kr minute synchronous sj>ecfJ. The compressors run 
at 70 revolutions per minute. The other motor is a Wesling- 
liouse EJectric & Manufacturing company s 450 ll.R, 6600 




FIG, 24 



are closed. The quantity of air is regulated by an automatic 
valve which closes the intake. This valve is moved gradually 
Sfjmetimes remaining in a partially closed position for a con* 
siderahle length of time. 

The East Vulcan compressor is a Laidlaw-Dunn-Gordon 
18 inch and 29 inch by 24 inch dnplex compound rope driven 
machine. The rated capacity is 2200 cubic feet of free air per 



LAKE SVPEItfOR MfKtNG INSTTTUTE, 



l8f 



niinute, Tlic rope wheel is 12 feet in iliameler gTcK>ved for 
ci|^lilccTi ime :intl aiit-foiirtli inch rojjcs. The motor pulley 
is 50 inches in diameter* As the coniprcssor wheel is only 12 
feci in (lianieler it was not necessary to use a deflector pulley 
ill this case. 

The motor is a 350 H.P., 2200 volt, General Electric Co., 
form L, M., induction motor, running at 360 revolutions per 
minute synchrnn«ms s[ieecL Tlic compres?*or runs at 120 revo* 
lutions per minute. 

The quantity of air id regulated by a chukiuf; conlrolkT 
which closes the intake enttrelyp but by the use of a dash pot 
it docs it gradually. Ten to fifteen seconds are used tr> open or 
close this \alve* Tlie action is automatic and is cun trolled 
by the air ]>ressure. 

The motor roj>c drive and a part of this comprejisor are 
shown in Fig. 24, which also shows the l*Jist \'ulcan switch 
board. 

MtSCElXANEOUS. 

Surface tramming is done by 220 volt motors. Tlie one 
at East Vulcan is geared to the iram plant. The one at West 
X'ulcan is Iwlted, The i>larits tnn\e the rn|Krs in which are 
anaehed the car!* that ntn Ijctween the shafts and Uie jxckets 
or stockpiles. There is no power tramming undergroiuid as 
there is not etiougli ore on any one level to justify the expense 
of the installatina 

The shops are run by 15 H,P. motors. 

On surface 220 volt motors, varying in siie from 5 HJ\ 
to 50 H.P.. are ninning laboratory crusher and pulveriser, 
concrete mixers, cord wlmkI s*aw» lagging saw for splitting 
lagging, boiler tulw cleaner, nek cni^her, 40 H.P. hoist, and 
triplex geareil pumps. A one horse power tnotor runs a horse 
gr<M lining machine at the stable. *rhe pump and principal 
shaft stations nuflerground and all the surface buiklings ,it the 
mines are lightetl with a current of 1 10 volts. 

Tlie resiiUs of the apjilication of electricity to the mine 
ntachiner>' has fully realised its expectations. 
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AUTOMATIC THROTTLE CLOSING DEVICE FOR 
HOISTING MACHINERY, 



IJy Spkncer S. Rumsey, Duluth, Minn* 

Ever since tht? application of steam ptivver to mine hoisting 
^lachinen^ (here has lieen a Cinitinumis line of acciilent?; caitsetl 
by over- winding, Tliese acci<leiit?i are ahvay!^ of a serious 
nature ami owing to damage to shaft hou<*e or machinery, 
generally came a cessation of mining operations for a longer^ 
or shorter jKriod, and often result in loss of life. 

Overnvinding is caused st)iiietiines by defective machiner>% ! 
sometimes by the inattention or confusion of the brakemaUp 
and often* where skips «»r cages are f»f)erated in Imlance* by the 
brakeman neglecting to reverse the engines, liefore opening the 
thrt^t1le fur the next trip. 

The means of auttunatically [ireventing f >ver-win<Is has long I 
lieeii a subject which has received the most thoroiigh omsider* 
ation frcmi mining uperati^rs and manufacturers. 

One oi the earliest tkvices was the autmnatic disengaging j 
hix>k. This hix>k was fastened to the draw liar of the skip or] 
cage and u* it was attached the Insist ing n>pe. In case of an' 
over-wincL the hook vvoubl strike an tnm plate held by tinilicrsi 
in the shaft house which w*Hild release the hoisting n:^, ami 
at the same tiine the hook would engage with the plate, thus 
jireventing ttie skip or cage from falling down the shaft whenj 
tlie rofje was relea^eiL 

Another device, and iHie which ti funiishetl w ith many of 
the larger hoisting engines, is a powerful brake which is auto-^ 
maiicaJly controlled by a gear or sprocket attached to the drum 
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shaft, and is inslanlly applied when the skip or cag-c has reached 
a certain pc*sition in tlie hoist, usually just above the skip dump, 
or top landing of the cage. 

This device is a step in the right direction, but should the 
hrakeman be suddenly confused or disabled and not close the 
throttle, the sudden application of the brake wheti the engines 
were working itnder a full head of steam, would tend to ser- 
iously strain the shaft house and the machiner^^ 

The head room alK)ve this skip dump is usually so low that 
the application of the brake occurs so near the danger j^tjiiit 
as to render its reliability somewhat in doubt and especially srj 
shoukl it l)e a little out of adjustment due to expansion ur 
stretcliing of the rope* ur shoukl there be condensation in the 
brake cylinder tending to make its action sluggish. 

Attention was next turned to perfecting a device wlticli 
wouki automatically close the throttle at a ix>int during the 
hoist so that tlie momentum of the rising skip or cage would 
be just sufficient to bring it into the dump or to the top cage 
landing. If this device were tierfected the skip or cage woitld 
not rise to the danger point, and overwinding would be prac- 
tically impossi[)le. 

A great many different designs have l3een submitted during 
the previous years, but inasmuch as none of them w'ould pre- 
vent overwinding fnjm all causes and that most of them inter- 
fered with the rapid handhng of the machinery, they never 
came into general use. 

In the latter part of the year 1900 some time after the for- 
mation of the Oliver Iron Mining company, it was necessary 
for that company to purdiase a new first motion hoist to oper* 
ate the cages in "A"* shaft, Pioneer mine, and the specifications 
required that this machine be equipped with an automatic 
tie vice which would be a part of the hoisting engine and wliicli 
would close the throttle at a point during the hoist so that the 
momentum of the rising cage would carr>^ it to the top landing, 
thereby making it impossible for an over-wind to occur. 

It is apparent to M that a number of devices could be 
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(lesigiictl which would be c>f>eratcil by the ciruni sh^it and 
which woiikl dmv the thmtilc at any fjtiint tlcHirctl; the cliftV 
ailty WRS to jiruvidc for unliK^king the ihroitk k> tlial the 
frigine amUl Ik* nin in the np|1rjsitc direction rind still keep the 
device ahsi^hiicly aiili>niatic; nnd even if the alK>ve were accom* 
phshed* it still left the machine liable to an over-wind in case 
tfic engines were not reversefl, after a hoist, Iiefone steam was 
turned cm fur the next trip. 

While the nianufacturcrs were study itig over these cumpli- 
cations, a new hoisi was ordered for ilic Savoj* and Sibley 
mines. This hoist was first tnoiton and had two dnnns; one 
operating two cages with attached &kii>s in the Sibley shaft and 
one 4*[>erating two cages with attached skip** in tlie Savoy sliaft 
WSLS tcr be equipped with an automatic llirottle closing device* 
This still further complicated the pr*>l>Iem, 

Tlie soluticm was provided by Mr* H. J. Wessinger* then 
mechanical engineer for the ct>iniKiny. He planned to attach 
the throttle closing fie vice to the re\'ersing gear on the engines, 
which made it jmssible to oix^n the throttle after the engines 
were reversecL Accordingly, the ilrawing, slitmii in Plate I 
was prepared, in which the designs of the manufacturers were 
rearranged and Mn Wessinger's idea was emlMKliech In Plate 
I there is slunvn a screw shaft **r* which is rotatecl by a set of 
gears t unrated from the drum shaft. It is also given a niove- 
inent of translation by the lever* 7. which is oi>eraled by the 
reversing giear. 

"A" is a nut and wedge which engager the fiJlers **B ' & 
**B,'* Tlie nut is moved fri>m p*>sitions 2 to 5 by means of the 
screw% hut it is prcventctl from revolving by a gui^Ie shaft ; the 
wc^lge lifts the rollers "B'* & "B'\ thereby moving the roller- 
lever '*C'* & *'C*\ closing the throttle throtigh tfie conueclioiis. 

At the Iwgintiing of a hoist the nut ami ue^lge **A*' is at 
ixwiition 3. During the hinst it is moved tn [Kj^ttion 5, raising 
the roller-lever "B" "C" which closes the thnittlc and lock-s it. 
making it impossible tfi f>pen the throttle tnuil the engine is 
revcrsecb When the engine is reversed llie nut and i^edgi^ is 
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itioved from the position 5 to 4 which releases the throttle. 
The throttle is opened and the return hoist is made, and the nut 
and wedge travel to point 2, where the throttle is again closed, 
When the eng-ine is reversed the mit and wedge is moved to 
point 3, releasing tlie throttle, and tlie process begins over 
again as above described. 

The manufaclnrers were provUled with this drawing and 
tlie throttle closing devices which were furnished for the Pifj- 
neer "A", Savoy-Sibley, also Pioneer '*B" and Aragon No. 5 
hoists were the same in principle as Plate i, but differed some- 
what in the details. The arrangement of shafts and drive was 
altered and two wedges were used instead of one and nne^ 
i oiler-lever instead oi two. These hr>ists are also provided w^th 
small auxiliary throttle valves, which are ojaerated by treadles 
and are independent of the throttle closing device. They are 
used to aid in raising the skip into the dmnp should its mo- 
men timi be insufilcient. The size of these valves is purposely 
small to prevent I he engines i^eing operated except at a very 
low speed. 

The hoists mentit^ned above have l>een in operation several 
years and the throttle closing devices have w-orked very satis- 
factorily. They are regularly tested and have always been 
found reliable, ami in several instances are known to have 
prevented accidents. 

They have given such general salisfactiijn that it is the in- 
tention of the Oliver Iron Mining Co. to install them on all 
new plants and also on a large numl>er of old ones. 

The devices furnished for the above hoists are complicated 
and the design has since been simplified. The throttle closing 
device as designed, and now used by the Oliver Iron Mining 
Co. is described below and illustrated Uy the following plates: 
Nos* 2, 3 and 4. 

Plate 2 shows the general arrai'igentent of a throttle closing] 
device as applied le a direct acting hcnst for the Mesabi range, | 
In this plate you will note the lead screw* ''S" which is sup- 
ported by Ixixcs cast on the srste plate '*E"\ The lead screw is] 
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TcvolvtHl Iiy a sprnckct wliecl **A" which is driven from the 
ilnitii shaft by a si>rrickci chaitu This scrt^w is given a move* 
meiit tfi the directkm of its axis vvheti the enf^ines are reversed 
by means i>f the mitre gtrars *'IV' which are operated by the 
reverse slinft, lever **F" and connections "G**, The screw has 
a feather key at the driven end which causes it to revolve with 
the siiriHrkei wlieel but pemiits it It* shtle in the bnb of the 
sprocket wheel whenever the engines are reversed. **M'* & 
**N*' are shfH*s wtiich arc moved backward or forward with 
the re%'oliitioti of the screw but are themselves prevented frotii 
tnrning by a gfiiide on the sole plate. 

The wedges **VV" & "V** are fasti-nrd to the sliocs and 
engage the roller "B*\ which is all ached n> lever *'C*\ raising 
the latter and closing tlie thmttle through the connections. To 
illustrate Ihe o])eration of this device, we will consitler the 
reverse lever in a iKisititm so that the engines will run under. 
The left haml or over wound ro|K' is hoisting and the right 
hand or under wound rope is lowering. TItc wedges are at 
]^isiii<ins **\\f' & "Vi'\ the throttle valve is unlocked and 
may he fpe rated liy the hand lever 

The tlirottle is now o}>ene<l ami when the skip has been 
niised to the point where the steam should he ct>mpletely shut 
i>ff. wedge **\\'" has moved lu iM^sition "Wi". raising the 
roller "B" and lever "'C* which cl**ses Hie throttle. The 
throttle is now kicked cki44cd and caimot lie oi)enetl untU the 
engine is reversctL Wedge **V*' has mmed to position **V2'\ 

When the reverse lever is thrown over tl of)craies gears 
''H". lever **F" and cunnections "\y\ pulbng the lead screw 
and shoes tinti! wedge "V* h in jK^siticm "V3" and wedge 
**\V"* in p^isition **W3*\ which releases the roller and unlocks 
the throttle* Steam niay now lie turned on for the return trip 
in which wedge **VV** moves to p»isiti*in •*VV'4*' and wedge **V* 
to positicm *'V4*' which closes and h?cks the throttle. 

The engme i> again reversed and the wedge *'\V*' moved 
til jiiisition **\\ i" and weilge **\'" tti pisitton *'Vt'* which 
unlocks the thn»ttle ami the process may liegin over again as 
a!i ve describciK 
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STRUCTURES OF THE MESABI IRON ORE. 

By N. H. WiNCHELL, Minneapolis, Minn, 

After such a strenuous day as we have had I do not feel 
sure that I shall be able to say anything as to the structures of 
the ores of the Mesabi range which wil! keep your attention. 
I ha\'e, however, a paper which was written about a year ago 
which I will give in abstract- 
It is nearly sixteen years since I visited Virginia^ or rather 
the spot on which Virginia was destined to be buih. My party 
camped in this vicinity somewhere. Some of tlie first openings 
were then being made in the ore b<3dies* After a careful review 
of the field- facts at this place and at other points further east 
bearing on the nature and origin of the ore formation of the 
Mesabi range, I reached the following conckisions, w^hich I 
published in my report for that j-ear:* 

K The ore ip not explained satisfactorily by any tlieory 
that has been prc^iosed. 

2. Tlic ore has resuhed from a profound alteration of 
iome pre*exisling rock. 

3. The rock was of a peculiar composition, or 

4. It has passed through a peculiar and unusual ph>*sical 
history. 

Since then other work has prevented ine from visiting 
again the mines of the Mesabi range. 

Prior to the opening of the great mines on the Mesabi iron 
range it was rather difficull to form opinions as to the grand 
structures that tlie ore possesses. Some of the great pits are 
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HOW about 200 feet in depth and extend in a direction parallel 
with the strike of the rocks, something more than an eighth of 
a mile, affording a magnificent opportunity to study the ore 
and the structures, and the relations that it bears to the asso- 
ciated rocks* On the occasion of the late (1907) proposed 
meeting of the Lake Superior Mining Institute at Duluth 
(which was abandoned on account of the miners* strike) the 
writer enjoyed a revisit to the Mesabi range, which he had 
longed for ever since the close of the Minnesota Geolog'ical 
Survey, Not aware that the meeting had been postponed until 
his arrival at Duluth, he resolved to continue his trip alotie to 
the mines on the Mcsabi range. Owing to the great strike 
eveiything was quiet and the dust and smoke which usually 
rendered such a visit impleasant were wanting. It had rained 
copiously the previous night. The ore structures were washed 
clean. Three days of leisurely examination were given to the 
open pits at Hibbing, Virginia, Eveleth, Biwabik and Moun- 
tain Iroa This paper is designed to present some of the facts 
observed at those places. 



HiBBmc. 

The celebrated Mahoning open mine was examined only 
along the north and northeasterly sides. The average grand 
dip is to the south. At the west end, on the third bench, in 
the face of the pit,* the ore section is composed of ore in two 
different structures; these structures alternate in strata that are 
evidently such as would be formed by water deposition: (i) 
fine grained ore in strata that are mostly continuous and from 
half an inch to fourteen inches in thickness, (2) harder, I e. 
finiier, ore. in lumps and broken layers which are about four 



*Iq excavating the ore wRti srteam shovol the work proceeds hy 
benches, eeparated from eacli other Tertlca Uy about 20 feet. that_ 
being: tJien depth which the shovel can easily excavate. The raUroa 
tracks run into and about the mine on these benches* In fiome of the 
open mines these benches succeed each other to the number of six aod 
eight, if the ore is Arm; If the ore is uncemented a single course of 
the steam shovel may excavate^ as at the Mountain Iron mine, a vertl* 
cal depth of a hundred feet, a^ it crumbles naturaUy to the bottom of' 
the pit. 
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inches thick. These arc not strictly continuous, but arc made 
up of smaller constituents mingled with much fine ore present- 
ing a conglomeratic aspect. When closely examined the 
harder layers prove to be mainly composed of ore, which, how 
ever, is apt to be lean, and to pass to a kind of taco]iite» or a 
gray massive and limonitic ore. 




no, t. au-iitlflcjilfaii It tl)«* Malioiiltiff Mine. 

Ropy Structure. Faistiif eastwardly along this bench the 
writer observed and picked up a piece of ore which on one side 
presents a imrallel series of ridges or con vohit ions that rtsanblf 
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the ridges formed on the upper surface of a lava flow des- 
ignated "ropy structure'*. (Fig. 2)* It is about six inches long 

and about five inches wide, a fra^ient, evidently, of a larger 
surface. It shows ten or eleven of the ropy elevations running 
parallel with the length of the piece. Such ridged upper sur- 
faces of lava flows are seen in the trap beds of the Keweenaw- 
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an, and have been represented in the final report of the Minne- 
sota Survey (Vol, V, p. 237) 

Sedimentary Shale. At the eastern end of the Mahoning 
pit the rock (and ore) grades into red shale w^hich is very 
plainly sedimentary. This is in some of the highest of the 
Strata exposed at this mine, so far as observed, Some of it 
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might be called a low grade ore. Similar red shale is a com- 
mon feature in the Keweenawan formation. 

Volcanic bombs? Near the same place, but further west, 
in walking along the railroad track on the second bench, I ob- 
serveil several mutulisii masses, rolletl down the tnlus to the 
foot of the cut. They were from three to Icn inches in dia- 
meter, somewhat flattened* They appeart<J to be volcanic 
Iiomhs. On being broken one was found to be composed of 
impure taconitic ore, but aliout one-half of it was spongy, or 
vesicular. Time was short* From aUntt a half a dozen thai 
were visible within about 30 feet one of the smaller ones was 
taken (Fig, 3), It had been broken away on one side disclose 
ing a hollow centre. 
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Globular Forms. Further west was noted a stnictitre that 
apijeared to be similar to that seen and described on Grand 
Portage island in the trap composing the upper portion of that 
island and described in Vol. V of the final report of the Minne* 
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sota Survey. This is characterized by bails due to the manner 

of soUdification and subsequent disintegration of the trap flow 
(Fig. 4.) On weathering these globular masses are made ap- 
parent and can be gathered in considerable numbers on the 
level surface of the lava* At trrand Portage island they are 
about as large as a rifle bath and smaller, but at the Malioning: 
mine the analogons masses are as large again, and consist en- 
tirely of ore. They are often adherent Ity a cement which 
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FIG. 4. 

crumbles out leaving the balls projecting. This globular struc- 
ture was seen at other mines. 

VIRGINIA. 

Conglomerate. The Buffalo mine (also known as Oliver 
mine) is the only ofjen pit at Virginia. At the west end is a 
lot of breccia or iron ore, a part of the mine formerly called 
Lone Jack. The writer has assigned this conglomerate to the 
bottom of the Cretaceous but he does not now feel satistkd 
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entirely with that conclusion. From what is now known of the 
origin and structures of the Mcsabi ore it is more reasonable 
lo expect that this breccia -conglomerate is a caujitiliient part of 
the Mesabi fonnation. Wilhoui having made any new ubser- 
vat ions on this ore worthy of being mentioned here, one or two 
features already published may be recalled.* (i) It is entirely 
made up of ore like that of the region, but some of it is of low 
grade and apparently results from a nxk like taconite. (2) 
Some of the pebbks have an irony crust harder than the in- 
lertor and from the crust toward the cenire there h an increase 
of coarseness of texture, even becoming sr)ongj% or somewhat 
layered with inii:ierfect cimceutric shells. Some of the larger 
pebbles are of taconite. 

This entire absence of quartz ajid granitic materials shows 
that the rocks of tlie nearby Giant s range did not contribute 
to its fonnation, tlms differing remarkably from the conglom- 
erate that lies at the bottom of the Animikie» and from all 
known conglomerates at the bottom of the Cretaceous, The 
structure of the individual j)ehhU'S» which indicates a progres- 
sive change from the surface to the centre, is like that of the 
individual grains of fine ore which have rcsidted from a similar 
progressive alteration from the green substance later called 
greenalite. Except that the ore of the Lrjnc Jack is of lower 
grade this conglomerate ts similar to that of the Mountain Iron 
ttiine* 

Joinli*d dike-like mass. Directly north from this breccia, 
the iron and its accomi>anying beds of impure ore are tilted 
almost to verticality* In the midst of lliese fine grained, nearly 
vertical strata is a conformable slieel which is coarser grained 
and firm, from which the soft ore crumbles away allowing it 
to stand out conspicuously, presenting the outw anl aspect of a 
joinied clike, with an exposed face towani the south which 
extends about 30 feet, and about four feet high. Its lower part 
runs into the talus. Its thickness is alx>ut two feet^ but at eacli 
end it becomes thinner and grades into tlie surrounding ore. 

•Tw©iitr'flr»t ftHflual report ot the UinnmQlm Sanrfrf. p. laS, 
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The grain of the ore on the north side is immediately fine and 
dense and in thin sheets about half an inch thick, easily broken. 

Tlie jointed southern face is represented below, (Fig. 5.) The 
sutlden appearance of this curiausly jointed mass, contrasting 
with the crumbling strata of ore above and below it, seems 



FIG. 5, 

easily explicable on the supposition of a surface lava flow 
cracked by shrinkage in the midst of sediments accumulating 
by the ordinary methods of oceanic forces, the whole subse- 
quently highly lilted — and that is apparently the only plausible 
explanation. 

Purgatories and Amygdaloidal Strudure. Eastward from 
this jointed mass, the dip continuing abttut 60 degrees toward 
the south, there is a confused mingling of heavy taconitic beds 
with thin beds. At a casual glance the appearance suggests a 
line of fault and its breccia, the ihtn beds being mostly on one 
side, but having a steeper dip than the massive beds. The 
stmcture is probably due to the shrinkage of the rock which 
has been most altered, away from parallelism with the rock less 
altered, making an apparent non-conformity. The same ap- 
pearance might be produced by the flow of a mass of lava over 
a cliff, Ijecoming porous, thin bedded and non-con fonnable on 
tlie rucks of the chff, and dipping at a higher angle. These 
irregiilarities appear extensively along the north side of this 
mine, the whole formation becoming twisted ^ntl crumpled, the 
heavy heds fading out, and in some cases also having crumpled, 
thin layers between them» Underneath all this, which has a 
thickness of 50 feet more or less, is a lot of good purple soft 
hematite, having the same steep southward dip, which is mined 
extensively. The face of the bluffy viewed at a distance, has 
the suggestive appearance structurally, of the trap bluflfs along 
the north shore of Lake Stiperior, even to the purgatories. 
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Some lumps of the best ore seem to have been originally 
amygdaloidaL They are pure and purple ore now^ but porous 
and varied with blotches of ore that is plaiiily somewhat 
hy d rated - 

Remnants of Flutdal Sifmturc. Along the north talus 
large bicxks have fallen since the cut was made, most of these 
are ji^int blricks of taconite. but some of them, while finn 
tacunite within are covered at the ends where the simciure has 
lieen broken or rotted away, with a bristling lot of thin scaly 
projections which grow out from the rock itself. These stand 
[larntlel with each other ami with the Ix^ddcd stmcture of the 
mass. They are evidently rcnniants of the more durable parts 
of a structure which once penetrated not only the taconitic 
bIcKks themselves but also the rock surrounding them, passing 
into ihe general ure Ixxly. and can be referred 10 the fonner 
existence <»f a flutdal stmcture in the whole rock, the project- 
ing sharp scales, or sheets, lieing the result of variation in the 
original obsidian* This supjiosition is ijerfcctly concordant 
w ith another stmcture seen on these same scaly blocks, namely 
ihe bullet-stmcture in the fomi of irregular balls and small 
shapes which are on the upper sides of tliese masses, supposetl 
to lie anali»gints to the globular stmcture already mentioncih 
due to the disimegratinn of the surfaces of lava flows, such 
as seen on Grand ri>rtage island in the Kcwecnawan. 

EVKLETH, 

Fayal Mine. The ore in general stmcture resembles that 
nf the Mahoning mine. At the west end it is approximnlcly 
horij^ontal, much stainetl with limonite and thin bedded, but 
witli I aconite **horscs'* which seem to be simply more silicified 
confomiable patches in the iron mass. These "horses" change 
horizontally rather abmpily into the surrounding ore. becom- 
ing thin liedded. ihe nxk then sagging dimn a little by reason 
of shrinkage. The general dip is toward the S.E. and is 
most distinct at the cast end of the pit, Tlic bottom of the i»it 
at the east end is in a great mass uf purple ore which is pure, 
fine and cheaply taken out, Tliere are distinct colors of the 
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mass of the ore at different points, viz: yellowish (mixed with 

black, red and purple) : licniatite red; and purple. The yellow 
color is most frequent along the upper portion, ami is proba- 
bly due to atmospheric hydration. 

The smooth* wavy, upper surfaces of some of the fallen 
laconite blocks suggest the contact surfaces of trap layers seen 
along the Lake Stiperior shore, say. of the *Two Harbor 
rock'\ A thin scale, or two or three of them, somewhat more 
ferruginous, usually, or uniformly, cover the upper and lower 
surfaces of such fallen masses. The upjjer surfaces are not 
crosscut by joints but are simply undulatory^ or broadly mam- 
millated. They do not indicate lava-flow surfaces but a deep 
seated sheeting. *' Purgatory" holes in the bluffs are not un- 
common, eight being visible from one point, looking west. 

Biicabik Mine, Several quartz veins w*hich are crumbling 
cut the ore, running nearly vertical, the width in one instance 
reaching ten inches, Balis of disintegration are here seen, like 
those already mentioned under globular fornis. Some of them 
arc detachable, and some of them run deep into the ore* There 
is here also a peculiar breccia which seems to be the same as 
that described long ago by me at the Cincinnati mine. Later 
this breccia was seen again on the old dump of the Cincinnati, 
where also was seen the ball structure already mentioned. 

The bulk of the ore of the Biwabik is apparently not from 
a sedimentary rock, although it grades into a sedimentary 
structure. The yellow ore extends to the very bottom of the 
pit, but appearing in patches, somewhat alternating with red. 
The quartz veins probably antedate, or are coeval with, the 
formation of the ore. White kaolinic deposits were later than 
the ore. They embrace angidar pieces of ore. 

IgHeoiis ShccHng Planes. The heavy fallen blocks, which 
consist of ferruginous taconite or lean ore, present a remarka- 
ble conmion and ver>^ suggestive feature w^hich, tliough noticed 
before, did not appeal to me with such force as here, A large 
number of rough blocks, from i>2 to 2j^ feet thick, lie on the 
sixth bench. (There are nine benches, each about 20 feet 
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higfi). These blocks arc sometimes four feet across along die 
extreme diameier, but vary to all sizts downward. When 
ihcy have not lieen split in quarrying or in falling, their u|>}x*r 
and lower surfaces are vva\y and conlinuously c<->ated uvcr 
with a thin scale of fine-grained ore» though the mass is gen- 
erally comp4>sed of taconitc, or a coarse-grained, brown impure 
ore. These thin scales are sr>metimes two or three in number, 
indeed usually arc, and arc from y^ inch to i inch thick each, 
the whole scale portion grading into the general mass. Tliey 
generally are denser and better ore than any other jiart of the 
blocks on which they occur. These are prolmbly not the rap- 
idly formed contact surfaces of successive Hows of trap rock 
when molten but deqj-seated liedding planes* It is these fine 
grained scales that cunstitule the undulating or coarsely mam- 
millated surfaces alrea<ly mentioned, and which crack l»y a fine 
joiming into small angular bits y^ iiicli square or less» and so 
Ijcconie kx>sened from the parent slabs. Sheets of trap rock 
in the Keweenaw an arc thus characterized at several places on 
the north shore oi Lake Superior. 

Repitit nts of Gnxn Stone, Associated w ith s<xne of the 
kaoHnic dc[30sits at the Biwabtk, or at least in the dump of tlie 
mine, are pieces of green original rock nnich altered toward 
kaolin. Some of it is stained with iron oxiilc but a noticeable 
amount of it still retains what was probably its original ct>lor, 
indicating that it was at first of a basic tmture and igneous 
origin. 

MOUXTAIK moN, 

Oliver Mine, Here is an immense open pit, second, so far 
as I have seen, to the pit of the Mahoning, It runs about east 
and west and probably includes several of the original 'loca- 
tions*' noted by me several years ago. 

Amygdaloid. Along the stnith face, near the tfjp, ju&t 
umler the stripping, is found much taconitc, rather evenly 
bedded and joinlecl in angular blocks so as to come out in pieces 
six inches to ten inches in diameter. The blocks have the 
smooth scales uf more pure iron sei>aratirig them attd coating 
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their bnlding surfaces mbea separated horizoaatly, alFeady 
lurntiiiiiccl at the Biv^^abok misie:. On scandiin^ here for antrg- 
ililniilal fiarts I fotsnd bttt Htde. Bat instead I fooiKl beneath 
ilii*M' iliiii Holies of iron a tJctehed irr^^ular taconitic belt, 
hi mmii)K% ccmr^er, about two iadtxs tfaidc* This passes lowartl 
ihe cemrv of ttw bkick, into the i3snal gray lacooite. Sometimes 
ihh i^ I hc4i is mai iiin e and the irDo scale is cemented 

n\Hm ..,w \ 

Suinr %\i the lalw pieces ane phinlj pieces of am3rgdaloid« ' 
rmiViTte^l lo one atid kac^in. The aniygdul cs now beittg^ hetna* 
iWe aitil tlie ixx^ tmss itself htsof; kaofoic. 







v^ ^bom^ ttniiEr the iron 

a doscr exafniuaf tofi 

^ of wl^e kaolin : 

v\i nmie or 1%:-^ 
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through tlie iron scale, anel it goes deep within nuich of the 
taconite. It funns sometime** thin sheets bt^th in the reel arc, 
by which it ia not stained, and in the taconite. 

At the dump* near town* south side of the pit, has been 
thrown very much amygdaloidal njck\ The mesh is here 
siM^ngy quartz, passing to light colored taconite. It is associat- 
ed with pisolitic Uconite and witli brown-gray Unionitic 
taconite. Some of the masses of this amygdaloidal nx!k arc 
more than a foot in thickness. They have the iron scale on at 
least one si<le* The dump exteruls about 75 feet, and is 18 feet 
high, the largest pieces having rolled to the iooL On lt>oking 
all over tliis pile not a piece of amygdalijid was found with the 
iron scale on tjoth sides. Either tliey have no such scale or 
they show it on only one side. The fonuer condition being 
mt^ist frequent. This is in keeping with the well-kuown fact 
tliat in case of a lava flow the amygdaloidal structure ts formed 



no. Z Quftiix M<>ftti. HottntMti Irm. 
on cooling mainly tn the upper part of the mass, and that it 
fades otit clown wart! into the bocly of tlie non-amygdaloitial 
rock* It is also in keeping with the siip|>osition, already stated, 
that the iron-scale expresses the plane of contact of deeper 
internal sheeting, rather than lava surfaces. 
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In order to explain the prevalence of quartz forming the 
mesh in some places and kaoliiiic rock in others it seems neces- 
sary to allow that in a chemical transformation such as that 
which has fonned this ore» the circumstances of environment 
must have been such that, while the alkaline earths and alkalies 
were being entirely removed in solution, quartz and alumina 
were not wholly removed, but were accumulated, now here, 
now there, in accordance with the demands of physical and 
chemical conditions. The iron ore* therefore, is no more a 
concentrate from the original rock than are the kaolin deposits 
and the qitartz veins and the quartz-filled vugs. Of the last 
many large masses are seen at Mountain Iron in the form of 
crystals antl coatings in cavities from a UxA to four feet long; 
the longer diameters lying in the direction of the structure, 
antl sometimes as much as a f<X)t in thickness, 

Conglamcraic. The peculiar conglomerate occurring at 
the Lone Jack mine, at Virginia, has already been mentioned. 
When this iron range was first examined by the writer, and 
this conglomerate was encountered, it was presumed that the 
Lone Jack conglomerate was probably a part of the basal beds 
of the Cretaceous ; but in the light of what was seen lately at 
Mountain Iron mine it is allowable to refer it to the age of the 
iron ore formation. From limited field examinations, and 
from microscopic study of samples collected by the Minnesota 
survey; it was shown that a breccia and even a conglomeratic 
structure is found to be the extreme end term of the fragnaental 
materials of which an obsidian sand was the other. At the 
Mountain Iron mine this broad generalization finds unequivocal 
confimiation. Here a conglomerate stratum estimated at 
about 200 feet in thickness, (so far as observable) constitutes 
a principal part of the ore as now mined. It rises, with a gentle 
dip, from below taconite and other kinds of rock and ore, at 
the eastern end of the pit, to the drift stratum tying on the 
top, and it extends at least to the bottom of the mine. It is 
nearly all composed of fragments, more or less rounded, but 
^till cemented by occasional patches or layer-like rqasses of iron 
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not conj^Iomcratic. It is all Ick^sc and easily inintcK The orig* 
jfuil ]jcbbles are from half an incli to two indies in dtamettr, 
ant I tbt^ir forms are oljsaire<l by alteration and by cementation. 
Thc ore is c*ehreous. It is easy to imagine that by a reduction 
in the si^e of these i>ebhles we wonld have the **sc>ft ore" 
proix^r, i. e., the sandy ore. 

It the iron fonnation was originally a mass of trap rock, 
const imting a great forma tiun analogons to the Kewecnawan, 
as Iwlievcd by the writer, it api>ears to have embraced large 
strata of conglomerate made up of rock of its own kind. Such 



^ A. 



FIG. S. Pebbli'ff from thi^ qpngtoiuefftt«. IJoutiUln Imn Mtne. 

conglomerates are a well known feature of ihe Kewcenawan, 

*ro recapitulate: The iron fonnaiiiJii i>f the Mesabi range 
embraces many of the slnicturcs that are easily referred! ti> vt>l- 
cmic action and to igneous eruption* such as: ropy structure, 
volcanic hntnbs. globular forms of weathering, joinlage iden- 
tical with ihai fimned in the coining t»f trap rcnrk, purgatories, 
amygdaloid, lluidal sinjcttire, contact jdanes, remnants of orig- 
inal basic greenstone and thick Icds of conglomerate eomposctt 
of the same rock as that of the assiKialcd strata. 

To a jiersiin who is familiar with the Keweenaw an along 
the north shore of lake Suj*erior, it is the nuisl tibvious infw* 
dice that these structures can be fomwl only by igneous cxlru* 
sion* 

In conclusion I wish to say that I present these suggestions 
tentatively. I may ht mistaken as to the interj^pctation of the 
structures described. Havirtg already, in earlier publicalions, 
explained the Mesabi iron ore on the theory that it has resulted 
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ACETYLENE AS AN UNDERGROUND LIGHT. 
By William F. Slaughter, Repubuc, Mich. 

Up to the present time, acetylene has been a failure as an 
underground light. This failure has been due, I believe, to 
the inconvenience caused by the size of the lamps used. The 
lamps were too large and too heavy to be worn on the hat, so 
it was necessary either to carry them in the hand or hook them 
to a button hole in the front of the coat, both of the latter 
means being inconvenient at times; as, for instance, in going 
through low openings, or climbing ladders. 

I have been using "Baldwin" lamps for six months in my 
surveying work underground, and find them very satisfactory. 
The lamp consists of a water tank on top into which is screwed 
the carbide container. A small pipe projects from the bottom 
of the water tank into the carbide container, and a wire of a 
size to permit just the required amount of water to flow 
down the pipe and onto the carbide, passes through the pipe, 
projecting above the top of the lamp. If the tube becomes 
blocked, it can be cleaned by rotating the wire. When the 
burner gets blocked, it is cleaned out with a small wire which 
is carried on the lamp. There is an extra bottom or carbide 
container furnished with each lamp. This bottom has a screw 
cap to keep the carbide dry, and when wanted, can be ex- . 
changed for the one in the lamp. 

When water is added to the carbide, the reaction gives cal- 
cium oxide, CaO, and acetylene QH,. The acetylene, when 
ignited in contact with the air, changes with the oxygen in the 
air to carbpn dioxide and water, C|H, -f 50 == 2CO, -|- 
H,0. 
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I compared the light with a mine candle, one of the kind 
known as "eights", and find the light about equal to that 
given by one candle. A test was made to see which consumed 
the most oxygen. The candle was placed in an inverted car- 
boy, capacity about one and one-half cubic feet, the neck being 
under water, thus giving a w^ater seal. Not being able to get 
the lamp in the carboy, the gas was conducted through a rub- 
ber tube to a burner inside. From several trials, it was ascer- 
tained that the acetylene uses about one-fifth as much oxygen 
as does a candle. 

COMPARATIVE COST. 

Candle at 9 cents per pound cost 2.81 cents for ten hours. 
Carbide at 5 cents per pound costs 1.95 cents for ten hours. 
This means that the acetylene saves one-third the cost of 
the candles. 




ACETYLENE LAMP. 
DISCUSSION. 

AIr. Dickinson : I believe the lamps are now used in the 
Saginaw mine, on the Menominee range, for lighting instead 
of candles. 

]\rR. Lane: In my use of the lamp the flame has been 
regular from the start to the time the carbide is consumed; 
the water is fed through the bottom of the carbide. 
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Mr. Uren: How much carbide is used per shift in the 
lamps at the Saginaw mine? Mr. Dickinson stated that he had 
no figures. 

Mr. McNair: My experience during the last fifteen 
months, in making tests of lights shows that where there is a 
deficiency of 1 6 or 17 per cent, less oxygen than noraml atmos- 
phere, where the miners' candle will burn low, the acetylene 
lamp bums as brightly, as far as ordinary observation goes, as 
it does in open air, which confirms Mr. Slaughter's statement. 

Mr. Cole asked Mr. Hearding to give his experience in 
connection with the lamps : 

Mr. Hearding: We used quite a number at the Adams, 
in drifts, on account of bad air; we find the lamp will bum 
free where you cannot use a candle, and remain lit; they 
require a little attention by the miners in seeing that the water 
feeds properly to the carbide and outside of that there is no 
difficulty; they seemed to be satisfactory in lighting drifts 
where the air is particulariy bad. 

Mr. Siebenthal : I might say that we expect to use these 
lamps instead of candles in close places ; we have none in use at 
present. The carbide costs about 5 cents per pound and about 
2 cents per shift \y\\\ provide carbide for one of these lamps. 

Mr. Stock : They are used to some extent in the anthra- 
cite mines of Pennsylvania. The objection given by Mr. 
Hearding is the same there; the lamp requires to be picked 
out and kept clean. As soon as the men leam how to use them 
there does not seem to be any trouble. 

Mr. Yungbluth : What is the cost of the lamp? 

Mr. Siebenthal: About 75 cents each; of course you 
can get them in all sizes. This lamp will mn about a shift, 
making allowances for the noon hour. 

Mr. Vogel: At the New Jersey Zinc company they use 
these lamps. We went up in a 350 foot raise where the air 
was bad and the lamps gave good satisfaction. I was informed 
by the management th^t it costs them ^bout 2 cents per shift 
for carbide. 
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THE STANDARD BOILER HOUSE OF THE OLIVER 
IRON MINING CO. 

By a. M. Gow, Duluth, Minn. 

Before considering in detail the plans of the standard 
boiler house of the OHver Iron Mining Co. the conditions 
which it was designed to meet should be understood. In ad- 
vance it was seen that a large number of boiler houses would 
have to be erected, and to avoid the labor and expense involved 
in a multiplicity of design it was important that some standard 
plan be adopted that would lend itself to the variety of condi- 
tions to be encountered at the various mines. In other words, 
while it was necessary to adopt a standard, the standard must 
have a great degree of elasticity and adaptability. The word 
"standard" as used in this connection does not mean "dupli- 
cate" ; each separate installation presents its own peculiar con- 
ditions of location and size that must be taken into considera- 
tion, but certain features of construction and practically all 
matters of mechanical detail have been so standardized that 
the design of a new boiler house consists largely in assembling 
plans that have already been worked out To begin with, it 
was necessary that the building should be such that it could 
be readily erected by available labor and be reasonably free 
from danger from fire; the boiler should be suitable for 150 
pounds working pressure and of that tjTxr, which in the judg- 
ment of the chief engineer, was least liable to give trouble and 
could be maintained at least expense, while maintaining max- 
imum efficiency; the setting should be adapted for use with 
from two to six boilers in battery and capable of increase or 
decrease; the aj^urtenances must be as simple and as near 



210 STANDARD BOILER HOUSE. 

"fool proof" as possible to make them; the entire plant must 
be of reasonable cost, thoroughly efficient and free from me- 
chanical complications and "frills," while fully able to bear 
criticism from the standpoint of good engineering. 

At the outset, therefore, it is evident that the problem that 
confronted the engineer, Mr. H. J. Wessinger, was a very dif- 
ferent one from that which presents itself when a central power 
station of from five to 20,000 horsepower is to be designed, 
with a lease of life supposed to be everlasting, the whole to be 
under the immediate supervision of a chief engineer with an 
abundance of skilled labor. The boiler house of the Oliver 
Iron Mining Co. is not to be judged by the standards applica- 
ble to such installations. It is essentially and primarily a 
boiler house adapted to the needs of the company. How well 
the plans have met the requirements may be judged from the 
fact that within the last six years about thirty boiler houses 
have been built, containing from two to six boilers each, and 
no essential changes made in the general designs. The mem- 
Ix?rs of the Institute will appreciate what a saving of time and 
labor in the engineering department has been effected by this 
system and how the work in the field has been facilitated. 

This same system of standardizing working plans has been 
followed in the design of dry houses, oil houses, office and 
warclionse buildings, captain's offices, small machine shops and 
engine houses. As said before the word "standard" does not 
mean "duplicate.'' But in all these buildings a certain type of 
construction is followed, the details remaining the same, so 
that the work of designing a new building consists largely in 
asscml)Hng existing plans, already worked out, and adapting 
them to the new location. 

The subject will be ccnisidered under the following heads: 
The boiler; the boiler setting; the fronts and appurtenances; 
the stack and breeching; the building, coal trestle and elevator; 
costs. All plates are reductions from working drawings. 

THE BOILER. 

The standard boiler is a 72"xi8', horizontal tubular, with 
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}i" shell, 9-16" heads» designed for iscr pounds working pres- 
sure- The specifications arc praciically those of the Hartford 
Steam Boiler & Inspection Co, somewhat condensefl. Tlie 
exact length over all is if-ii-y^" that 18' lubes may be used. 
Tubes are 4" Shelby steeh spacecj wide hi the cenlcr and away 
from the sides. A manhole is provided in the front head and 
four I^" through rods, upset at the front end and secuR'd by 
inside and outside nuts, stay the heads Ijelow tlic tubes. The 
longitudinal seam is double butt strap* quadruple riveted, hav- 
ing an efficiency of 94 per cent- Upon tlie boiler are located 
three cast iron nozzles, faced and drilled for 1902 standard 
flanges ; one 4" for feed atid auxiliarj' steam connection ; one 7" 
for main steam connection, and one 4" for safety valve. The 
blow oflF coimection is a pressed steel flange threaded for 3^ 
pipe. Special attention was paid to the matter of bracing the 
heads and 22 braces provided, carefully spQced, no brace to be 
less tlian 3'-6'* long or l<^s than t ** in cross section. Approxi- 
mately 100 boilers have l>een built to these plans and specifica- 
tions and no reason found to alter any of the details* The 
boiler is shown on Plate i. 

The question has often been asked why this type of boiler 
was adopted and not some approved type of water tube. It is 
not within the province of this paper to discuss the relative 
merits of different types of boilers. Suffice it to say that it will 
ntyi lie admitted that^ necessarily, a water tube b<iiler is a more 
economical steam generator than a horizontal tubular. The 
horizontal tubular can be set, removed and re- installed with 
much greater ease and econon^ than can a w ater tiit>e, and this 
matter of Removal is an important one, considering the life of 
the plants. Tlie installations are, con^oratively speaking, 
smalt rarely exceeding four boflers to a battery and the mat- 
ter of gnmnd sjiacc is not one of serious moment. The objec- 
tions raised to this type of boiler by the water tube advocates 
are the difliaiUy of clcaningt the liability to bagging and the 
danger from explosion. The witter at tlie min^ of the com- 
pany is almost unift>rmly good; with good water and reason* 
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able attention tubular boilers can be and are kept clean. As to 
bagging, the records show that with the, hundreds of tubular 
boilers in use by this company, about one boiler, per hundred, 
per year, bags. Serious bags, which cannot be driven back and 
require either a new sheet or a patch, have amounted to less 
than one boiler in two hundred, per year. As to the danger 
from explosion, it will not be contended that this does not exist. 
Boiler explosions do occur and in the most unaccountable man- 
ner. By constant and careful insi)ection it is hoped to reduce 
this danger to a minimum. But the results from burst tubes 
in water tube boilers have been very serious according to the 
records of the insurance companies, which records do not show, 
by any means, that their losses are confined to horizontal 
tubular boilers. This company has in operation today about 
one thousand boilers. This includes firebox, marine, horizontal 
tubular and four different makes of water tube boilers. A 
fairly gcxxl opportunity is certainly afforded for judging of 
their relative merits. In all new plants the horizontal tubular 
is being installed. 

THE BOILER SETTING. 

The setting is shown on Plate II. Regardless of the num- 
ber of boilers in battery this drawing is followed. It has been 
rci)eatedly used for batteries of from two to six. The boiler is 
sui>iK>rtc(l upon lugs and is not suspended. This feature has 
been severely criticised, for as a rule, an advocate of the sus- 
pended setting can sec no merit whatsoever in the supported 
setting. A first class, suspended setting is, no doubt, superior 
t^> a poor, suppt)rte(l setting, but it will not be admitted that 
iliere is anything inherently wrong in supporting a boiler upon 
lugs, resting upon the side walls. The claim that the walls of 
a suspended setting are less liable to crack and bulge than those 
of a supported setting is n(jt borne out by experience. Walls 
that are heavy enough to reduce radiation to a minimum are 
abundantly strong to bear the weight of a boiler. Lighter walls 
are not desirable. Having i)rovided heavy walls for the pur- 
pose of retaining the heat there is no reason wdiy they should 



LAKE SUPERIOR MINING INSTITUTE. 213 

not serve the additional purpose of carrying the weight of the 
boiler. The advocates of the suspended setting place great 
stress upon the idea that it is almost impossible to make the 
four lugs bear equally, and as a consequence, unknown and 
torsional strains are introduced. There is some truth in this 
contention ; but admitting that the weight on each lug is not 
c(|ual it remains to be proven that the strains thus introduced 
are of any material consequence. The boiler is sufficiently 
strong to bear such torsional strains even if supported upon 
but two diagonally opposite lugs. The suspended setting does 
not lend itself readily to increase or decrease in the number of 
boilers in the battery, and this is an important consideration 
with the company. Take it all in all, the introduction of col- 
umns into the side walls and overhead supporting beams 
involves elements of cost and inconvenience which are wholly 
unnecessary and do not give adequate returns. 

It will be obser\'ed that the distance from the grate bars to 
the boiler shell is 36" ; that the bridge wall is low and merely 
serves to prevent fuel being pushed off the grates; and that 
there is no filling back of the bridge wall. It is not desirable 
that the flame should "hug" the boiler. The effect of the rela- 
tively cold boiler shell is to retard combustion and what is 
desired beneath the boiler is the most complete combustion 
obtainable. The heating surface of the shell is but 1 1 per cent, 
of the total heating surface. It is in the tubes that the heat 
must be absorbed and not through the shell. Combustion must 
Ixj complete before the gases enter the tubes. Complete com- 
bustion is furthered by a large combustion chamber, a low 
bridge wall and a considerable distance between the grates and 
the shell. Rather than contract these dimensions it would be 
preferable to increase them. 

The side walls are made heavy not with the expectation 
that all cracks may be avoided but that the loss of heat from 
radiation may be reduced to a minimum. The air space in the 
walls to a limited extent, allows the inner wall to expand inde- 
pendently of the outer wall. But a certain amount of cracking 
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of the outer wall is to be expected; if the cracks are kept 
pointed, so that no air is drawn in, no harm is done. 

In place of putting a single course of brick over the shell 
the masonry is leveled off to the top of the side walls, making 
the top of the battery as smooth as a ball room floor. This 
floor can then l>e kept clean and free from the rubbish that is so 
prone to accumulate on the top of boilers. The fire hazard is 
materially reduced thereby. Furthennore, when the fireman 
has occasion to go there he does not fall over loose planks. 
Valves and manholes are accessible. In addition, this mass of 
brick work reduces heat losses. As a matter of fact it is never 
uncomfortably hot on boilers set in this manner. It is not 
advisable that a space should be left between this brick cover- 
ing and the boiler. In fact such a space is decidedly objection- 
able, so the first course is laid immediately against the shell, 
thus effectually preventing the short circuiting of the gases with 
the consequent corrosion of the shell. The bottom Of the 
ashpit is finished water-tight with cement below the level of the 
floor, and firemen are instructed to keep water therein. The 
evaporation serves to keep the grate bars cool. The use of live 
steam beneath the bars is considered as extremely wasteful and 
wholly unnecessary. 

The boiler is set level. This is in direct opposition to the 
general practice of setting boilers high in front. The reason 
for scttng level is that the flanges may come horizontal and 
taper joints be avoided. The only argument in favor of setting 
high in front is that scale and mud may drain to the rear. But 
the advocates of this practice only ask for an inch or an inch 
and a half in eighteen feet. It is not supposable that a slope pi 
about one-sixteenth of an inch i^er foot, especially when the 
rear sheet makes a dam half an inch high at the center, can, to 
any appreciable extent, effect the currents of circulation along 
the shell. It is well known that the circulation establishes a 
current along the bottom of the boiler from the rear head for- 
ward. This frequently results in a deix)sit of mud and scale 
at the point where the heat is most intense, just forward of the 
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bridge wall. That this current can be reversed and caused to 
flow in the opposite direction by so slight an inclination as one- 
sixteenth of an inch per foot is not reasonable. Owing to the 
expansion and contraction of the firebrick in the furnace thero 
is a slight tendency for a boiler to settle in front That the 
boiler may eventually rest level there is no objection to a slight 
elevation at the start; but the idea that a boiler should be set 
high in front that scale and mud shall wash to the rear is 
believed to be erroneous and not borne out by experience. 
Even if it were so, the area that is effected when the blow off 
is opened must be a very limited one. Only the mud in the 
immediate vicinity is removed. Blowing off is necessary that 
the blow off pipe be kept open and also that a change may be 
effected in the water, but it is not and cannot be a substitute 
for cleaning, however high the boiler be set in front. The way 
to prevent bagging is to keep the boiler clean and it is not 
believed that this end is in the least hindered by setting the 
boiler level. 

There are no air passages in the bridge wall; no attempt 
is made to pre-heat air before combustion ; there is no "second- 
ary air supply'* to the combustion chamber. These are pur- 
posely omitted, because, while they are very pretty points to 
talk about it is not believed that they are of any practical 
utility. The question of the use of automatic stokers, shaking 
grates, and patented furnaces, has received due and careful 
consideration, but despite the claims of sales agents and reports 
of tests, with all of which the engineering department is very 
familiar, that department remains to be convinced that any 
economy, at all commensurate with the cost, would be secured 
by their adoption. It would have been an easy matter to com- 
plicate this setting; the attempt has been made to simplify it. 
The drawing has been used to set about 150 boilers and no 
rcison found for changing it. 

THE FRONTS AND APPURTENANCES. 

The fronts are of the full flush type and considerably 
heavier than those usually furnished by manufacturers. Door 
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joints are not planed but castings must be smooth and true. 
Grate bars are of the type known as the Kelly bar. They 
present the largest possible proportion of air space to surface. 
Two blow off valves are provided ; a 3" asbestos packed plug 
cock and a 23/2" brass angle valve. It is occasionally necessary 
to renew the brass seat but between the two valves no trouble 
is experienced from leaking at the blow off. The feed connec- 
tion is somewhat novel; upon the front four inch nozzle is 
mounted tlie casting shown on Plate III, Fig. i. The two inch 
feed line enters the top of this casting; a two inch nipple is 
screwed in from the underside and connects by an ell to a two 
inch pipe that runs immediately over the tubes to within two 
feet of the rear head; a tee is placed on the end of this line 
that the feed water may be projected towards the side of the 
boiler and not against the back head. This casting is tapped at 
the side for a two inch pipe to supply steam to an auxiliary 4" 
line that furnishes steam to the pump and injector. This fea- 
ture of an auxiliary steam line, independent of the main steam 
header, is a valuable one in mining practice in that it permits 
of repairs to the header without cutting off the steam to the 
mine pumps. The steam line leading to the shaft, in addition 
to being connected to the header, is always connected to this 
auxiliary 4" line. This arrangement of taking steam from the 
same connection that admits the feed water has been objected 
to on the grounds that the feed water has a tendency to cool the 
steam thus insuring a supply of wet steam to the pump. The 
condensing, or cooling effect of the few inches of pipe exposed 
cannot be but insignificant. Furthermore the steam to a feed 
pump is always throttled. The objection is not well taken. 
The arrangement is a most convenient one and the feed pipe is 
nuicli more accessible than if it entered the front head after the 
usual custom. To tap a feed pipe into the shell is not consid- 
ered good practice as the breaking off of pipes so placed is 
abundant testimony. The desirability of feeding at the blow 
off will not be discussed here. We are not open to conviction 
on that point. The combination of feed and auxihary steam 
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line from one nozzle has proved very satisfactory. Plate IV 
shows the arrangement in plan. 

The auxiliary steam line supplies the feed pump and in- 
jector which discharge into opposite ends of a cast iron mani- 
fold, having as many openings as there are boilers in the bat- 
tery. The feed is regulated at the manifold and not at the 
boiler; but, in addition to the feed valve at the manifold, a 2" 
angle valve, for emergency, is placed on each boiler and the 
check valve located adjacent to it. This check is made flanged 
on one end so that it cannot be set to open the wrong way. 

The feed water heater is of the open type and the large 
majority of those in use are of the Webster make. The only 
objection that can be raised to the open heater is the danger of 
getting oil into the boilers. The oil separator must be cleaned 
and care taken that the heater does not become foul. In none 
of the cases of bagged boilers was there evidence that the trou- 
ble arose from oil. Troubles from leaking tubes and deteriora- 
tion of closed heaters are considered more serious than the 
dangers due to oil incident to open heaters. 

It is the practice of the company to heat the mine build- 
ings by the vacuum system, using exhaust steam. This effects 
an enormous economy in fuel. At many of the mines the 
power can be considered as costing nothing, for the -buildings, 
if heated in the usual manner, would require as much fuel as, 
with the vacuum system, ser\'es to supply both heat and power. 
Or to put it another way. the heating costs nothing, and were it 
not for this use of the exhaust steam it would cost as much as 
the power. The use of the vacuum system calls for a back 
pressure valve that shall release at a maximum of two pounds 
and at the same time prevent the inleak of air when the flow 
line is under vacuum. There are on the market a number of 
back pressure valves which will, presumably, answer the pur- 
pose fairly well with engfines having a constant exhaust. But a 
hoisting engine has not a constant exhaust. At the beginning 
of a trip it may exhaust at sixty pounds and after a few revolu- 
tions at atmosphere. Under such conditions a poppet valve can 
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do nothing but pound ; and it pounds itself to pieces. It became 
necessary to design a back pressure valve that will not pound. 
The result was the Wessinger valve, that rotates on its seat 
after the manner of a Corliss valve. It does not pound or leak 
and the many in use are giving entire satisfaction. By means 
of a reducing tee, adjacent to the heater, a connection is always 
provided for the vacuum system. To supply the system and 
also insure a high feed water temperature a considerable quan- 
tity of exhaust steam is demanded. In a few installations it 
has been deemed advisable to disregard engine economy, to a 
certain extent, that the volume of exhaust might be sufficient 
to supply these demands. This is cited as an illustration of 
what w^as before mentioned, namely, that the criteria by which 
a large central ix)wer station might properly he judged are not 
applicable to the boiler houses of this company. This is in no 
sense an apolog>': merely an explanation. 

With the exception of high and low water alarm on the 
water column, provided to conform to the state law and not 
l)ecausc it is considered an essential, and an automatic float 
valve controlling the supply of water to the heater, there are no 
automatic appliances in the boiler room. Automatic pump gov- 
ernors, damper regulators, boiler skimmers and such like me- 
chanical devices, designed to do the work of the firemen and 
water tenders, are not used. For those who like those sort of 
things no doubt those are the sort of things they like. The 
(juestion of the use of superheaters has received some consider- 
ation and may receive more. Where line condensation, as in 
the case of underground pumps, is considerable, there is little 
dcnibt that initial superheating would effect an economy. But 
in connection with hoisting engines, where the flow of steam 
is intermittent, resulting in great variations of temperature in 
the superheating apparatus, the use of superheaters is some- 
thing of a doubtful proposition. 

Careful attention is given to the matter of steam pipe cov- 

vcring. The only insulating material used is 85% plastic mag- 

. nesia. It is applied two inches thick on all pipes up to seven 
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inches in diameter and three inches on seven inch and over. 
This is expensive but the cost is materially reduced by having 
men at all the mines who can do a good job of covering. With 
this covering properly applied no hesitation is felt in running a 
steam line 1500 feet long, with expansion joints suitably located 
and pipes properly drained. It is an established rule, violated 
only in exceptional cases, that a steam line must pitch in the 
direction of flow. It is not conceivable that water can flow 
back along the bottom of a pipe against the velocity of the 
steam in the other direction. For this reason pipes pitch with 
the flow and to avoid water pockets it is the practice to use 
eccentric fittings where the diameter changes, that there may 
be no hindrance to the flow of condensation to the end of the 
line, where provision is made for trapping it off. 

The size of the main header is determined by the number 
of boilers in battery but is always made larger than the total 
area of the pipes which it supplies. Thus it acts as a receiver 
and it is not the practice to use additional receivers on the 
lines. The header is connected to the boilers by curved pipes. 
Under no circumstances are stop valves placed next the boil- 
ers. They are invariably placed next the header. All valves, 
fittings and flanges, are extra heavy, cast iron, to the 1902 
manufacturers' standard. 

THE STACK AND BREECHING 

The breeching is made from No. 8 sheet steel. A damper 
is provided in the smoke connection from each boiler but no 
main damper is provided in the breeching proper. That por- 
tion of the breeching which is exposed to the weather, between 
the boiler house and the stack, is most likely to need renewal. 
Consequently this section is made so that it can be readily 
removed by connecting it to the remainder of the breeching by 
an angle iron flange located just inside the boiler room wall. 
Upon the question of stacks the practice has, in general, been 
to use brick, where a long life was anticipated, and steel 
where the location was on ore or where the plant was. to a 
degree, temporary. The permanency of th^ brick stack and 
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the fact that it does not need painting, are considerations in 
its favor. On the other hand the first cost of a brick stack is 
more than that of a steel stack, made from light tank plate 
and guyed. ' But the life of such steel stacks has been in many 
cases surprisingly short, not over six years. The question of 
the desirability of the two types is now receiving careful at- 
tention from the Engineering Department. It is not impossi- 
ble that some design of concrete stack may be adopted as 
standard, but as yet none have been built for this Company. 
The self-contained steel stack, brick lined , "blast furnace 
style" as it is sometimes called, has been considered in place 
of the brick. It requires as much foundation as the brick stack 
and must be kept painted. These brick stacks are contracted, 
erected in place, upon foundations, all labor and material be- 
ing furnished by the contractor. In two cases these stacks 
have been struck by lightning but the damage was not mate- 
rial. Recent installations have been equipped with lightning 
rods. Plate III, Fig. 2, shows the stack in detail. Please note 
that there is no knob on the top. The primary purpose of a 
stack is to make draft. A knob does not assist the draft. That 
is why it is left off. Knobs are a matter of taste. No quarrel 
will be instituted with those whose tastes differ. 
THE BUILDING. 
The building is shown on Plates V and VI. The standard 
construction consists of a frame skeleton covered with sheet- 
ing, building paper and corrugated, galvanized iron, and 
veneered inside with one course of brick, between the stud- 
ding. This construction is followed on nearly all the mine 
structures such as engine houses, dry houses, small machine 
sliops, warehouses and captain's offices. Because of the fact 
that, winter or summer, buildings of this type may be erected 
by labor available at the mines and from material always 
readily obtainable, the construction has proved itself eminently 
adapted to the re(iiiircnient.s. The wooden superstructure can 
always be framed and erect ed by the mine carpenters and then 
the work inside may be proceeded with regardless of the 
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weather, and the corrugated iron and brick veneer put on when 
most convenient. The brick veneer materially reduces the fire 
hazard, makes the building much warmer and presents a neat 
and finished appearance. The brick are laid flush with the 
studding, so that the wall is smooth. Sheeting is laid diagon- 
ally, covered with building paper and finished with corrugated 
iroii. The same weight of corrugated iron is used on roof and 
sides. It is customary to use heavier iron on the roof than the 
sides on most buildings but it was found that when the bundles 
of iron were opened the sheets were almost certain to get mix- 
ed. This is merely cited as one of the many small details that 
have been considered. As to the relative merits of galvanized 
and painted iron there is a difference of opinion among engi- 
neers. The experience of the Olivet! Iron Mining Co. favors 
the use of the galvanized sheets and as yet the pitting of the 
sheets has not rendered painting necessary. 

Plate VIII shows the design of the wooden roof truss. 
The wooden roof truss in a boiler house has been objected to 
on account of the fire risk. The members of this truss are 
heavy and the bottom chord is always placed well above the 
breeching. To reduce the fire hazard to a minimum the truss 
is kept well whitewashed. Steel construction has been consid- 
ered for such buildings and may, later, supplant the wooden 
standards followed up to this time. Considerations of first 
cost and convenience in the matter of erection, from the stand- 
point of both labor and material, led to its adoption. With the 
constantly increasing cost of timber and the constantly in- 
creasing facilities for obtaining and erecting steel structures 
it is possible that the design may be changed to steel construc- 
tion. Plans and estimates have already been made on certain 
buildings that comparison may be instituted between the two 
types of construction. For all large buildings steel construc- 
tion is used. In fact, the use of steel is constantly increasing 
in the mining business. Steel tram cars are taking the place 
of wooden ones Steel head frames are being used more and 
more and on deep, permanent 9baft9 steel shaft sets and 8t«t« 
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ties are in many cases substituted for wood. But for small 
mine buildings, where the necessity of following some stand- 
ard practice is urgent, this brick veneered construction has 
proved itself to be very desirable. 

The roof of the boiler house is always hipped parallel to 
the battery that extensions may be made if desired. For ven- 
tilation a monitor with wooden louvres is provided and upon 
recent installations wire screen is put over the openings for the 
industrious sparrow finds the top of a warm boiler house a suit- 
able place for nest building, using all the inflammable rubbish 
in the neighborhood. 

The best way to get the coal within easy reach of the fire- 
men is something of a problem. Overhead bins, filled by ele- 
vators and discharged by spouts, while admirable for large 
plants, present cost considerations out of the question in plants 
the size of these. At the same time coal storage for the win- 
ter months is absolutely necessary. The plan as adopted and 
in use on all new plants is shown on Plate VII. A coal trestle 
is erected alongside of the boiler house and in this connection 
it is well to remark the site of the boiler house is usually con- 
sidered in connection with the possibility of getting a trestle 
to it at proper grade. Upon the side of the boiler house are 
built bins that discharge coal within reach of the fireman's 
shovel. In summer time, when coal is being regularly received 
in drop bottom cars, the bins are kept, full directly from the 
cars. The winter supply is stored between the bents of the 
trestle. At one end of the boiler house is a coal elevator, sim- 
ply a platform raised and lowered by means of a steam cylinder 
within the boiler house. A coal buggy having been filled is 
run on the elevator, raised to the level of the bins, run into the 
house and emptied directly into the same bins that in summer 
receive their coal direct from the cars. There is no wheeling 
in of coal and dumping it on the floor. Having filled the bins 
the laborers are available for work elsewhere until the bins 
need to be filled again. The records of cost show a notable 
saving per ton by this method of coal handling. 



LAKE SUPERIOR MINING INSTITUTE. 223 

At the back of the boilers is provided a trench, covered 
wilh cast iron plates, to receive the blow off pipe and exhaust 
pipes leading to the heater. It is considered very bad practice 
to locate the blow off pipe underground, or where it is not 
accessible* Furthermore the end of it should be visible. 
Steam and water coming from this pipe is the surest indica* 
tion of leaking blow off valves. 

Where the battery consists of but two or three boilers the 
engine room is, usually, built as part of the same building thai 
houses the boilers, the two being separated by a brick partition 
wall. On larger plans the engine house is a separate buikling« 
of the same general construction that has been described. 

COSTS, 

A boiler plant* built to th^e designs, cocitaining four boil-* 
ers, brick stack* coal hoist, and everything complete, ready to 
raise steam, costs about $20,000.00* This docs not include 
the coal trestle. From the estimates and actual costs on seii'eral 
installations the following cost sheet is made. It is assumed 
that the location is such that convenient delivery of matenal 
can be made by rail ; both labor and materia! arc higher than 
they were a few years ago, when the same inslaHation could 
have been made for $19,000,00. 

Excavations • $ 250,00 

Foundations - - . 2,2O0.00 

Building . . , 3,200,0O 

Boilers, grates, fittings • . . , 4.700.00 

Setting, complete • , 3,000.00 

Chimney • - . 3,200,00 

Pump, injector* heater i/kX),oo 

I Piping aJid valves . • » , I,8oo.OO 

Pipe covering *.,«.,.««.»«.*«..*, 3SO.O0 

Coal hoist and car * • .,*-... 700.00 

Total ...,, * $30,400.00 

Water tank, erected ,•-.*-*.,,.,•- 700.00 

$21,100,00 
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An examination of many boiler houses might lead an ob- 
server to the conclusion that a boiler house was of necessity a 
dark, dirty, hot place, a sort of an inferno, where life for the 
fireman was a foretaste of the orthodox future. It is to be 
hoped that in going over the Mesabi range you will not receive 
this impression from an inspection of the boiler houses of the 
Oliver Iron Mining Co. 
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THE SAMPLING OF IRON ORES. 
By L. S. Austin, Houghton, Mich. 

Since iron ores are purchased according to their grade, 
that is according to their contents in iron, silica and phos- 
phorus, it is necessary, in order to determine that grade, to 
obtain a sample representing the exact average of the lot or 
cargo which is to be purchased. This, accompanied by its 
gross weight and its percentage of contained moisture, enables 
us to determine its value. Since the grade of the ore depends 
upon the analysis of the dried sample, the percentage of mois- 
ture gives us the actual dry weight from which is estimated 
the net returns on the cargo, shipment or lot. 

The literature on the subject of sampling is extensive and 
easily accessible,* and the subject has been thoroughly devel- 
oped upon its theoretical or mathematical side. It would seem 
necessary in sampling the ores of iron, to consider simply the 
application of these principles to a mineral easy to accurately 
sample, and, the substitution in the general formulae of the 
known variations, would give the approximation to perfection 
which we would have a right to expect. 

It would be an exaggeration to say, as I have heard it said, 
that the older way of cargo sampling consisted in taking por- 
tions at the will of the sampling men, who would take them as 
they felt like it, and between the periods of rest needeil to 
smoke a comfortable pipeful of tobacco. Were such a method 

^Reed, School of Mines Quarterly m. p. 253, VI 851. 
Bninton, Trans. A. I. M. B., XIII, p. 539. 
Hofman, Metallurgy of Lead. 

Peters, Modem Copper SmeRing. « 

RichanlB, Ore Dressing. 
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followed it might even then chance to come out exactly, or in 
a correct average for that period. Still, why go even to that 
expense, and why not take a handful from each cargo under 
the idea that the true amount would be arrived at in accord- 
ance with the doctrine of averages. If the ore were in all 
parts of uniform grade, such a way might be good enough, but, 
since iron ores can greatly vary, especially in phosphorus, such 
a method of taking might easily be wide of the truth. 

In a paper, contributed to our proceedings four years ago 
by Mr. Separk,* and in a more recent one brought out by W. 
J. Rattle & Son** on cargo-sampling at lower lake ports, one 
is struck by the fact that the methods then used were defective 
in principle, since they did not represent the entire body of ore 
uniformly, and since, especially under the conditions which 
Mr. Separk described, the mixing of the ore; from which the 
sample was taken was imperfect. So far as mixing is con- 
cerned I will note the experience in the copper country in the 
sampling of their mineral. Here the South Range copper 
mines send their mineral, while in an imperfectly mixed condi- 
tion to the Michigan Smelting Works, which, in their earlier 
experience, had trouble in getting duplicate samples to agree. 
Later, the method of receiving the material was modified by 
dropping the contents of the hopper-bottom railroad cars into 
a receiving hopper, this into a smaller hopper-bottom transfer 
car, and finally from this into the storage bin at which point 
the sample was taken. The railroad car was also loaded at 
the mill from a receiving hopper. Thus the mineral was mixed 
four times before the sample was taken, and this overcame the 
difficulty. 

One may infer from this, that by the time the ore is sam- 
pled at lower-lake ports the mixing^ has been well performed, 
and so true is this that the methods of W. J. Rattle & Son, 
imperfect in principle as they then were, still gave results 



♦Volume X, pages 103-126. 
♦♦Volume XI, pages 173-180. 
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which were not called in question.* In that method so much 
of the ore had been removed as to leavet what might be sup- 
posed to represent it on each side or face of the cavity. As 
the ore is shot into the hold it piles up, forming concentric lay- 
ers, the lumps rolling to the exterior, and it is this portion that 
was not properly represented. We come finally to the con- 
clusion, that if iron ore is to be sampled at all, it must be cor- 
rectly sampled, and until we come to this there will always be 
uncertainty and dissatisfaction, both on the side of the buyer 
and of the seller. As Mr. Separk brought out the matter in 
his paper read before the Institute in 1904; "Sampling is the 
most important feature of this work." 

When at Escanaba three years ago, the Institute witnessed 
the method of crushing the hard ore ofv the range through a 
large gyratory crusher, the product being delivered by a 
troughed conveying-belt to a receiving pocket and thence to 
cars which transfer it to the ore-docks, that is, it is crushed in 
transit. 

Now let us suppose we desired to sample the ore : It would 
be at the point where it was about to be delivered to the receiv- 
ing hopper, and where the ore has been spread out unifonnly 
on the troughed belt, that it would be possible to take a sample 
so as not to interfere with the ore-handling and yet give a 
regular and reliable sample. To do this it would be easy to 
cut out by an automatic sampler, one-tenth of the ore-stream 
at the discharge end of the belt, the nine-tenths entering the 
receiving pocket. The sample would now be fed by a feeding 
shoe to another crusher, being there crushed and mixed, and 
then to a second sampler, which again takes out one-tenth ; the 
rejected portion being at once returned to the receiving hop- 
per. The running sample thus taken, in no way interrupts the 
delivery of the ore and its shipment as fast as cnished. The 
sample could now be treated in one of two ways : It may be 
allowed to fall upon the sampling floor in a heap (which mixes 



*For the more recent method of sampliniT see Mr. Oscar Texor*B 
description at the conclusion of this paper. 
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it) and may be put through crushing rolls, then through 
another sampler taking out one-tenth. This would give us, to 
complete according to any of the finishing methods, but one 
ton of sample from 1,000 of ore. Otherwise the ore, ccnning 
frcMn the second sampler, may be sent over a feeding-shoe to 
rolls and then to a third automatic sampler. In either case this 
portion, a thousandth part of the whole is completed by the 
ordinary finishing methods. 

One would say, that while such a system of automatic 
sampling as above described, would be applicable to hard ore 
where the ore is to be crushed, it would hardly do for soft ores 
which need no crushing, and where one would wish to avoid 
the additional expense of so handling. On the other hand I 
do not doubt that such a plant, if carefully designed, could 
take care of the ore at but little additional expense per ton of 
ore handled, and above all both shipper and buyer could be 
sure of the precision of sampling, and the chances of uncer- 
tainty and disputes would be lessened. 

Of sampling methods, coning and quartering, as common- 
ly practiced, is defective. In this the ore is wheeled to and 
dumped in a ring upon the floor within which it is afterwards 
coned up. This ensures a mixing, but at the same time a 
segregation occurs owing to the coarser material (which 
may be of lower grade) finding its way to the perimeter of the 
forming cone. If it were possible to keep the apex of the 
cone truly vertical, and to spread it out sj-metrically from 
the center when completed, the opposite quarters would be 
truly representative of the whole, but, since this spreading or 
distribution is irregular, so is the consequent sample. A more 
accurate way is to reserve every fourth shovelful of the sam- 
ple when shoveling it. This smaller amount, again crushed 
finer, can be worked down by means of a riffle until its quan- 
tity is so small that it may be finished upon the grinding plate. 

The requirements for correct sampling ore 
(i) Frequent taking. 

(2) Progressive crushing. 

(3) Proper mixing. 
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These conditions are fulfilled in the automatic sampling 
just described. It will be noticed that throughout the process 
all parts of the ore are equally represented; that the prc^r 
pr(^)ortionate amounts of coarse and fine ore are taken; that 
the ore is sampled independently of the judgment or discre- 
tion of the men who do the sampling, and by which the per- 
sonal equation is eliminated ; and that it is done without inter- 
rupting the movement of the ore as it comes in. If experience 
should show that a smaller aliquot portion of the ore can be 
taken, the automatic sampling can be modified to suit the new 
conditions. 

I would recommend that at first the sampling should be 
done in duplicate until the requirements for its exact perfonn- 
ance are known. This having been accomplished, the duplicated 
samplng can be omitted. This policy was pursued at one of 
our Western ore-treatment mills, where the ore was quite 
uneven or spotty, and where nevertheless the duplicate samples 
had to ag^ee closely with one another. 

In theory the moisture sample is to be taken at the instant 
of weighing and we are generally satisfied to take out a portion 
from time to time for a moisture determination as the weigh- 
ing' proceeds. Several of these determinations combined give 
a fair average value of the moisture present. This sample is, 
however, less important than the one from whidi the chemical 
determinations are made. For all that, less attention is given 
to moisture determinations than should be. A result in mois- 
ture reported several tenths of a per cent, too higli. makes just 
that much to be deducted from the returns on a cargo. 

This brings one to the more radical idea, that is to one 
which would affect the arrangement and construction of ore 
docks and the handling of ore at them. Take for example the 
case of ore docks costing $600,000, and whose life even with 
constant repair would be some 12 years. The alternative, 
which I have known a certain engineering firm to propi)SC, 
was to put in a more permanent structure involving the stor- 
age of the ore in stock-piles, and the reclaiming of it for deliv- 
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ery to comparatively light but permanent shipping pockets, 
the installation to cost but half as much, for the same capacity, 
as the present docks. Unden such a system where the ore is 
being rehandled to go to the pockets it may be automatically 
sampled as already specified. While to me this method seems 
feasibe, it is quite possible that it has been, so far as the storage 
method is concerned, gone over and rejected. The general 
methods involved are not in themselves new, and they have 
elsewhere been put in practice. Whether they would do 
well on the large scale here demanded is a question. There is 
a natural conservatism and the desire of working along well- 
tried lines, which is against a radical change. Still one of the 
large companies could begin in a tentative way after the study 
of existing methods already worked out, and with the aid of 
those who have solved the problem under different conditions.* 
The engineer engaged in construction keeps busy at his 
works and has (or thinks he has) but little time to leave it to 
jobserve methods elsewhere. He should make the effort and 
take the time to see what is being done. The yearly trips of 
the Institute illustrate the benefit of so doing. 



*I would note among reclaiming plants 

The Garfield plant of the American Securities Co. at Garfield, Utah. 
The Greene-Oananea plant at Cananea, 3onora, Mexico. 
The South Chicago plant of the Illinois Steel Co. 
Stocking and reclaiming systems of the Semet-Solay Co. at Mil- 
waukee and South Chicago. 
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(Througli the klndnefls of Mr* Oacar T^ctor, of Cleveland, Ohio. 
the «ecret-ary Is enabled io add to thim paper a brief deacHptton of the 
standard methods for sampltng cargoei af IroD ore at lower lake porta 
as adopted by the independent chemists for the seaeoD of 1907, Tbia 
ta i^ubilshed herewith in order to give the membara all the laf^rmAtlon 
possible in preparing for discuaalon on thia eubJeoi)» 



STANDARD METHOD FOR SAMPUNG CARGOES OF IRON ORE AT 
LOWER LAKE PORTS, 1907* 

A continuous sample shall \^ takett from all cargoes, ilnis 
insuring a large mechanical sample, the weight of the sample 
varying with the size of the cargt>. 

The samplers shall begin sampling as soon as the vessel 

ins unWding, and shall continue sainpliiig until the cargo 
is unlcxided* The sampling of each hatch shall be begiui 
shortly after its luiloiidiiig has begun, and the ore in each 
hatch shall be sampled as the unloading progresses at such 
intervals of time as to correspond with at least four distinct 
stages of unloading, and the ore shall l>c sampled at regular 
meastired inler\'als over the surface exposed so as to represent 
practically all the ore in each hatch. Tlic sampling shall be 
done in the hold of the vessel, except at tin*^ when cotidition* 
make sampling in the hold dangerous and unsatisfactory, in 
which case no more than one-fourth (J4) of the total sampte 
may be taken from the cars. No sampling shall be made from 
the original outside surfaces of the ore nor from the stock*pilc. 

Beginning at a convenient point, one full scoop of ore 
shall be taken in a standard trowel at each jwinl sampled, and 
these points shall be at regular measured intervals, which shall 
be of a length eventually to Ijc detenu incd by our experience 
in the early part of the seasoiL When a lump is encountercil 
at the ^Kjint from which the scoop of ore shotdd be taken, a 
portion shall be broken off equal in amount to the line ore 
taken in the scoop. As in sampling hanl lump ores a scoop 
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cannot be used, small pieces must be broken off with a ham- 
mer. Although the number of points sampled will remain the 
same, the amount taken at each place sampled will be so much 
less that the total amount taken from the cargo as a sample 
will be necessarily smaller than in the case of soft ores. 

This method of sampling shall be continued at regular 
intervals of time during the process of unloading, i. e., the 
samplers shall work continuously. The sample must be care- 
fully protected during the sampling and must not be quartered 
until the sample is complete, but it may be prepared for quar- 
tering by breaking up the lumps. The sample may be quar- 
tered down on the vessel or may be taken to some other suitable 
place for that purpose. Samples must be shipped to the crush- 
ing plant in standard cans. 

In sampling cars, the sampler shall sample from one end 
of the car to the other, taking full scoops of ore at regular 
intervals not less than one yard apart as described above. 

The moisture sample shall be a separate sample and shall 
be taken when the vessel is half unloaded. It shall be taken on 
lines midway between the side and center of the boat on both 
sides of the center line of the vessel by the same spacing 
method. This sample must be taken wholly from fresh sur- 
faces of ore that have not been exposed to sun or rain. It must 
be thoroughly mixed at once after it is taken, quartered down, 
and twenty pounds placed in a standard moisture can with 
tightly fitting cover and shipped without delay, or the moisture 
may be determined at the port where sampled, where proper 
facilities are provided. Every hatch must be represented in 
the moisture sample. The total moisture' sample shall be 
weighed accurately, dried at 212° F., till the weight is con- 
stant, weighed again, the loss in weight representing the mois- 
ture in the cargo on arrival. 

The above directions must be adhered to, day and night 
during the unloading of each cargo. 

The following references are given to previous papers which 
have beert presented «to the Institute and to which reference may be 
made in the preparation of discussion: 
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Subject Vol. Pago. 

Distribution of Phosphorus and System of Sampling at 

the Pewablc Mine, Michigan, by E. P. Brown, 1896... Ill 49 

Methods of Sampling Iron Ore, by C. T. Mixer, 1896 IV 27 

Some Aspects of the Analyzing and Grading of Iron Ores 

of the Gogebic Range, by Edward A. Separk, 1904.. X 103-126 

Methods of Iron Ore Analysis Used In the Laboratories of 
the Iron Mining Companies of The Lake Superior 
Mining Region, by W. A. Siebenthal. 1906 XI 7M38 

Cargo Sampling oi; Iron Ores at Lower Lake Ports — In- 
cluding The Methods Used in the Analysis of the 
Same, by W. J. Rattle ft Son, 1905 XI 173-180 
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BIOGRAPHICAL NOTICES. 

The following paragraphs comprise such information as 
your biographical committee has been able to obtain concerning 
the lives of prominent men, now deceased, who have taken an 
active part in the development of the Lake Superior country. 
The data here given has been secured from sources which we 
consider reliable. 

J. H. Hearding, 
W. J. Olcott, 
Geo. a. Newett, 
J. B. Cooper, 
Biographical Committee. 

JOHN HARRIS FOSTER. 

Bom at Erie, Pa., May 29th, 1822. Studied engfineering, 
and went to work as civil engfineer in 1844. Came to Lake 
Superior region in 1846, and left there in 1849, ^^ S^ ^^ assist- 
ant engineer on survey of Mexican boundary'. After finishing 
this work he went to Alta, California, remaining there until 
1855, when he returned to Detroit, and entered employ of 
United States government on sur\'ey of great lakes. Was 
married in 1855 to Martha Mullitt. In the fall of i860, he 
was appointed superintendent of Pewabic and Franklin mines 
in Houghton county, and managed these institutions for five 
years. In 1864-5, was chosen to represent the upper peninsula 
in state senate. In 1874, on account of poor health and a crip- 
pled leg. he returned to his farm near Lansing, Mich., where 
he remained until his death, June 15th, 1894. He was a mem- 
ger of the Michigan Pioneer society and contributed a number 
of papers to its publication. 
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SILAS W. GOODALE. 

Bom in 1844 ^it Olean, N. Y. Entered army during latter 
part of civil war and was wounded. Was admitted to bar at 
Detroit about 1868. Practiced law first at Detroit, and then 
at Saginaw, Mich. Later he became court reporter, and was 
occupied as such for 32 years on the upper peninsula. He died 
May 4th, 1908, at Houghton, Mich. Though not connected 
with the mining industry, he was widely known and highly 
esteemed by the mining men of the upper peninsula, 

WILLIAM H. HEARDING. 

Bom in 1827 at Adderbury, England. Came to United 
States in 1847, settling at Pontiac, Mich. On survey of great 
lakes from 1857 to 1864. Went to northem peninsula of 
Michigan in 1864, and acted as engineer for Quincy, Franklin, 
Pewabic, and South Pewabic, (near Atlantic) mines. Returned 
to the employ of United, States govemment in 1867, and re- 
mained on harbor improvement work until his death in 1893. 
Mr. Hearding was engineer for Edwin Hulbert in locating sur- 
face outcropi of Calumet & Hecla mine. 

GEORGE HAYDEN. 

Bom in Charlotte, Eaton Co., Michigan, October 23rd, 
1850, was educated in this state and graduated from the law 
department of the Michigan university in 187 1. In 1873 he 
came to Ishpeming where he resided until his death, during this 
time building up a lucrative practice in his profession, repre- 
senting some of the largest interests in the district and taking 
prominence in educational and other public institutions. It 
was largely due to his efforts that the Lake Superior & Ishpem- 
ing railway was built and at the time of his death he was 
president of the Fort Smith and Westem railway, a line mn- 
ning westward from Fort Smith in Indian Territory. Mr. 
Hayden at the time of his death was a member of the board 
of school tmstees of Ishpeming, a position in which he was of 
great help to the schools and where he worked faithfully to 
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improve the tone of Ishpeming's educational interests. He 
served Marquette county as its prosecuting attorney in 1885-6, 
making a record for good service which is still well remem- 
bered by the people. He was also city attorney of Ishpeming 
for several years. He was a 32nd deg^ree Mason and a mem- 
ber of the local Blue lodge, the Commandery and Mystic 
Shrine of Marquette, and the Consistory of Grand Rapids. Mr. 
Hayden's death occurred in Qiicago on Wednesday, July 23rd, 
1902, where he had gone to undergo an c^ration for some 
internal trouble. He was of a happy disposition, fond of out- 
of-door sports, took great delight in accompanying his children 
on long walks over the hills and sharing the pleasures of the 
camp fire with his family and friends. 

DOUGLAS HOUGHTON. 

Bom in Troy, N.. Y., Sept. 21st, 1809. Graduated from 
Van Rensselar school N. Y., 1828. Soon Jippointed professor 
of chemistry and natural history in the same school. In 1830 
he was appointed by Greneral Cass and Major Whiting of De- 
troit to lecture on chemistry and geology in Detroit, thus bring- 
ing him to Michigan. Appointed surgeon and botanist for 
Schoolcraft's expedition to source of Mississippi in 1830, by 
secretary of war. During the next 1 5 years was elected mawr 
of Detroit twice and was offered the presidency of Michigan 
university l)ef(>re he was 30 years old. Ai>|x>inte<l state get>l(>- 
gist in 1837. As such he made many discoveries concerning the 
mineral bearing formations of the upper peninsula and espe- 
cially those of the copper bearing series. On such an cxpcili- 
tion he lost his life while attempting to get to Eagle river in an 
open iH)at on Oct. 13, 1845. His distinction lies in iK^ing the 
first scientific investigator of geological conditions in the upper 
peninsula. , 

WALTER M. JEFFERY. 

Born in Humboldt, Michigan, April 12th. 1871. When 2 
years old th^ family mov^ tP N^unce, Michigan, In June, 
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1889, he graduated from the Negaunee high school. In the 
fall of 1889 he started to work in the office of the Queen 
mines, under Mr. Cole's management, mines being owned by 
Schlessinger. In 1891 the mines were purchased by Corrigan, 
McKinney & Company. He was with them until the spring of 
1894, when upon Mr. Cole's advice, he went to Hibbing to 
take a position at the Mahoning mine with Mr. Agnew, staying 
there until September, 1894, when Corrigan, McKinney 
& Co. again wanted him to enter their service in the home 
office at Cleveland, which hq did in the fall of 1894, staying 
with them until December, 1897, when he again acted on Mr. 
Cole's advice and went to Milwaukee for the Oliver Iron Min- 
ing company. He remained in the Milwaukee office as chief 
clerk until December, 1899, when he went to Pittsburgh as 
assistant auditor for the Oliver people. In June, 1900, he was 
made auditor of this company. Died in May, 1906. 

SAMUEL MITCHELL. 

Born in Devonshire, England, in 1844. Came to America 
in 1862 and began working at the Phoenix copper mine and 
later with the Madison Copper company. After which he 
worked successively with the Calumet & Hecla, the Cliff, the 
Saginaw, and many other mines both iron and copper, advanc- 
ing gradually to positions of importance. He sank the first 
sand shaft in the Lake Superior district at the Negaunee mine, 
which property was operated under his personal supervision 
several years. During the years intervening between 1886 and 

1890, he was chief factor in the development of the Montreal 
River Iron Mining Co., on the Gogebic range, and in 1887 he 
also became largely interested in the Jackson Iron Mining Co., 
l)ecoming its president and general manager. He was inter- 
ested in a number of banking institutions, including the First 
National of Negaunee, the Miners of Ishpeming, and at var- 
ious times was interested in the First National of Marquette, 
First National of Hurley, First National of Escanaba, and 
Lincoln National of Chicago. He was also interested in some 
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of the mining ventures on the Vermilion range. He died in 
Chicago, May 12th, 1908. 

DONALD m'vICHIE. 

Bom in 1847 ^^ Lanchester, Glengarry Co., Ontario^ Can- 
ada, where he passed his boyhood days, coming to the upper 
peninsula of Michigan when 21 years of age and settling at 
Munising where he secured employment in the old Munising 
furnace, then in operation. In 1871 he came to Ishpeming, 
securing employment at the old New England mine under S. 
S. Curry, who had charge of the property at the time, remain- 
ing in Ishpeming for a couple of years. In the early days Mr. 
McVichie gave some attention to politics, holding several 
offices of trust. In 1878 he was chosen marshal of the city, 
filling the position most efficiently for six years. Upon the 
election of Grover Cleveland to the presidency for his first 
term, he appointed Mr. McVichie revenue collector for this dis- 
trict. During Cleveland's second administration, he was made 
postmaster, holding the office for four years. Mr. McVichie 
was a staunch gold democrat, one who firmly believed in the 
princij)les of his party and would listen to none of the isms of 
the later day illusionists. Besides being the active head of the 
Marquette County Telephone company and the Anthony Pow- 
der company, he was also vice-president of the Miners National 
bank and also held a seat on the directorate of the institution. 
Mr. McVichie was also a 32nd degree Mason. He was taken 
ill in the fall of 1905 with dropsy of the heart in a mild form 
but his condition gradually grew worse until his death Septem- 
ber 14th, 1906. He was a true friend, a fair fighter and a man 
in the strictest sense of the term. 

HARLOW OLCOTT. 

Bom in Hunts Hollow. N. Y., December 2n<l, 1821. Edu- 
cated in Nunda Valley college, N. Y. In 1842 he came to 
Salena, Mich., and studied medicine for two years. In 1843 
he married Elizabeth Fifi^ld, Fn>m 1844 to i8C>7 was prin- 
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cipal of schools in Salena and Detroit, Mich. In 1867 he came 
to Marquette, Mich., as superintendent of schools, remaining 
until 1877 when he took a similar position at Ishpeming, 
Mich., resigning from that place in 1894. He then removed 
to Ann Arbor, Mich., where ^q died in April, 1901. Though 
not connected directly with the mining industry, his influence 
as an educator extended throughout the entire upper peninsula, 
where he was very widely known and greatly respected. 

AMOS SHEPHARD. 

Born at Linden, Wis., May 5, 1861. During his childhood 
he had limited advantages, working during the summers haul- 
ing lead and zinc ore from Linden to Mineral Point, from 
where it was shipped. He worked in this way until 1878, 
when he applied and received a teachers' certificate, W. A. 
Jones, who afterwards was commissioner of Indian affairs was 
county superintendent at the time. He again entered school, 
going to the State Normal at Plattville for ten months, which 
ended his educational advantages. On his return home he 
again labored in the mines at Linden, until the fall of 1879, 
when he taught school in a district near Linden. In the spring 
of 1880, he went to Quinnesec, Mich., and secured employment 
in the mine at that point as a miner. Being a good penman, 
he was soon made timekeeper by Capt. N. Cowling. By liard 
and efficient work, he arose from timekeeper to head account- 
ant at the Quinnesec mine, where he remained until 1884, when 
he moved to Tower, Minn., taking the position of head ac- 
countant for the Minnesota Iron Co., under Capt. E. Morcome, 
superintendent. This position he held until January, 1889, 
when he was elected register of deeds, St. Louis Co., and 
moved to Duluth. He continued in office for six years, at the 
end of which time, he refused re-election and accepted the posi- 
tion of under sheriff for two years. During the years 1897-8, 
he traveled extensively in old Mexico^ and the western states. 
He was then appointed, by Jos. Sellwood, superintendent of 
the Cuff mine at Iron Mountain, Mich, He remained there for 
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about tvvo wars and was then transferred by Mr, Sell wood as 
snperinteiident of the Atlantic mine at Iron Bell, Wis* About 
Januarjs T902, he entered the employment of Corrigan^ Mc- 
Kinney & Co.. with headtjuarters at Hibbing, Minn. Subse* 
quently the old range mines of that company were put undcf 
his charge. He remained in this ix)?iition until his death, June 
6th, 1905. His jovial di^p«jsiti(>ii, keen sense uf humor, and 
fnnd of anecdiite made him one of the most iK>j>ular meniliers 
of tile Mining Institute. 

JOHN STANTON. 

Bom in Bristol, Eng^land, Fehnmry 25^1, 1830, came to 
Pennsylvania in 1835. Studied engineering and managed hb 
fathers iron mines at I>7ver, N. J*, np to 1852, when he be- 
came interested in cojijjcr mining in Tennessee. Maryland and 
Virg-inia. In 1861 he tunied his attention to the richer L-ake 
Superior inine^ and jarticularly tlie Atlantic mine, then 
the South Pewahic, which he developed to a paying mine 
though die ore was considered very low grade. He was con- 
nected with several mines opcneil at a later date and cspedally 
with the exploration of the newer and succciisful South Range 
mines. At liis death he was president of the Baltic, Michipiiit 
Mohawk, Winona and Wolverine cofiipanies and director of 
the Atlantic and Copper Range Consolidatefl ctinipanitt atid 
the Michigan Smelting company, and was interested in some 
properties in Arizona and British Columbia. He was otie of 
the founders of the old New York Mining Exchange in 1876, 
Executive ofticer and statistician of Copper Prmlucers asstx-ia- 
lion atiout iKytx remaining as such until its al>andonment« also 
connecte^l with the Triinouiitain Mining Co* He died in New 
York, February 23rd » 1906, Mr* Stanton was greatly admired 
and rcsiKTted tiy all his associates as being an honest, con- 
scientious and able man. 



W^tLLIAM THOITAS, 

Born in ConnvalL England^ April* 1858, He came to 
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America and settled at Negaunee, Michigan. Moved to Iron- 
wood, Mich., in 1886. Was a miner, shift boss, and night cap- 
tain, in succession at the East Norrie mine. Later he was ap- 
pointed captain of the Aurora mine, and while acting in such 
capacity he was shot and killed by an Italian whom he had 
refused work, Jan. 6th, 1908. 

JAMES H. TREBILCOCK. 

Bom on the 21st of May, 1848, at the village of Ashton, 
parish of Breage, in the county of Cornwall, England. He 
was the third son of Mr. and Mrs. William Trebilcock. He 
came to Ishpeming direct from his native country in the sum- 
mer of 1868 and resided at Ishpeming continuously until his 
death. In 1880 he was appointed mining captain of the Lowth- 
ian mine, one of the properties owned by the Lake Superior 
Iron company. Later he took charge of the Lake Superior 
Hematite and Section 16 mines as mining captain and held that 
position for about 20 years until a short time before his death. 
He was one of the best informed men on mining matters in the 
upper peninsula and was a most conscientious and careful min- 
ing captain in the care of those in his employ. In politics Cap- 
tain Trebilcock had always been a faithful republican and took 
a deep interest and part in local and national affairs. He 
served the city of Ishpeming as supervisor, alderman, member 
of board of education, and mayor, filling these offices with con- 
scientiousness. He was an active member of the Knights of 
the Golden Eagle, the Sons of St. George, and of the Inde- 
pendent Order of Odd Fellows and of the Lake Superior Min- 
ing Institute. He died October 19th, 1901. 

WILLIAM TREBILCOCK. 

Born on April 24th, 1845, at village of Ashton, parish of 
Breage, Cornwall, England, and died October 15th, 1905, at 
Falmouth, England. He commenced working in the mines of 
his native place at a very early age and continued to do so 
until the spring of 1866. In April of the year 1866 he decided 
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to go to the United States and in the early part of May left his 
native land and went direct to the copper country where he 
found employment at the Cliff mine, remaining there for about 
a year; he then came to Ishpeming and worked at the Cleve- 
land mine for about three years; leaving Ishpeming he went 
to the mines of New Jersey, later going West to the mines of 
Idalio and Oregon; after an absence of a year or two he 
returned to Ishpeming and was employed at the Lake Superior 
mine where he did considerable contract work and held other 
important positions. In the year 1872 he accepted the position 
of mining captain at the Norway mine, Norway, Mich. The 
following year, on account of a change of management, he 
resigned and accepted a similar position with the Lumbermen's 
Mining Co., and was mining captain of the Ludington and 
Stephenson mines of the above company. He was next induced 
to take charge of the operations at the Curry mine and re- 
mained there until influenced by the late Jeff Day, then super- 
intendent of the Metropolitan Iron & Land Co., resigned and 
accepted a position under him at the Metropolitan mine on the 
Felch Mountain range which position he held until operations 
were practically suspended. In the spring of the year of 1885 
he went to the Gogebic range and took charge of the mining 
operations which developed the Norrie, East Norrie and Pabst 
mines of the last named company and continued in the employ 
of this company until it sold its interests to the Oliver Iron 
Mining Co. Many important mining positions in different 
parts of the country were offered the captain after this but he 
could not be induced to accept any of them, he having made 
up his mind to retire from active mining pursuits. He returned 
to England in the year 1900 where, a year or two later, he 
met with an accident which developed a complication of dis- 
eases to which he succumbed Oct. 15th, 1905. 

FRANCIS W. ANTHONY. 

Bom at Stockton, Mass., May 2nd, 1827. Came to lower 
peninsula in 1845 and to upper peninsula in 1847. Located at 
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Ontonagon river. Was superintendent of surface at the Mich- 
igan mine for a time^, and subsequently built a military road 
for the United States government from Green Bay to Copper 
Harbor, receiving land grant for same. In 1882 settled on a 
farm about a mile from Hancock, Mich., and died there March 
29th, 1908. 

GIDEON TREVARTHEN. 

Bom in Cornwall, England, 1859. Came to America in 
1869, settled in Humboldt, Marquette county, attended public 
school there and worked in the old Edwards mine as a miner, 
from there went to the Champion mine, and following the 
same occupation, from there went to Florence, Wis., and 
worked in the foundry then run by the Marinette Foundry & 
Machinery Co. Then served his time at the machinists trade, 
from there went with the Florence Mining Co. as master 
machinist. He remained with them until 1896, when he met 
with an accident in removing some machinery, and from the 
effects of the same he died, leaving a wife and three children, 
one son and two daughters. His son is now with the Tennes- 
see Coal & Iron Co., as mining engineer, at Birmingham, Ala. 

DANIEL D. BROCKWAY. 

Bom at Morristown, Vt, May 2nd, 181 5. In childhood he 
moved to Malone, N. Y. He moved when a child to lower 
Michigan and as far west as Chicago, finally settling in Wash- 
tenaw county, Mich., in 1831.^ He was married at Galesburgh, 
Mich., Jan. 21st, 1836, to Miss Lucena Harris and then re- 
turned to Malone, N. Y., with his bride. His brother, W. H. 
Brockway later secured him the position of mechanic in the 
Indian reservation at Keweenaw bay, which position he at once 
accepted and started for the northern peninsula April 14th, 
1843. From the Soo Portage they took the brig ''John Jacob 
Astor'' on August 4th, arriving August 8th, 1843, ^^ L'Anse 
mission. Their first mail was received eleven months later by 
the schooner Chippewa. Mr. Brockway remained for three 
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years at Keweenaw and leaving the Indian missitMi left by 
canoes with his \%*ife and three daughters fur Copper Harlx>r» 
arriving there May 3rd. 1846, During Mn Bruckway's stay 
at Keweenawt a daughter was bom and giveii the name of 
Sally, (now Mrs. S, L. Scott of Lake Linden), who was the 
first while child to be bom and reared on Lake Su|)erior. Two 
other children bom on the Indian reserv^ation died or left the 
country at an early age, Mr. Brock way immediately settled 
liemianently on Ci>p|>er Harbvjf and ojiencd an hotel at which 
place almost all of the early explorers an<l settlers jitnppetl and 
by whom he w^as well knowTi. In 1849 he was placed in charge 
of the old North West mine, later the Iklawarc. In 1851 he 
forsook a small salary and retunied U> the hotel, and was ap* 
pointed p<jsimaster of Copper Harbor the same yean In 1863 
he sold his boarding h«>use and erected a private dwelling for 
his own use, doing some prosjiecting on hiji own account unlil 
1858 when he went to the Isle Royal mine on const met ioii 
work- In 1859 he was appointed state nxid conimissiot^er l^ 
Governor Wisner, and was reappointetl in 1861 by Governor 
Blair, commissioner for Mineral Range state road. In 1862 
he moved his family into the Phcentx liotel at Eagle River and 
contracted for the hauling of copjier and s|ipf>ltes from the Cliff 
mine. In 1863 he returned to Coi)per HariK>r and entered the 
mercantile business for abi^nt three years. In 1867 he returned 
to the Harris, near Kalaina^rxn in an aitem]>t to retrieve his 
fortunes. Not meeting with success he retunietl in 187 -t to llic 
Cliff mine and again engaged in the mercantile business with 
his son Atljcrt. In 1878 he Iiought a controlling interest in the 
Atlas mine ami operated it in comjKiny with others. In 1879 
with John Senler, Capt, Dick Uren, and Wni. and John Ed- 
wards, he made a trip to the Black Hills and acquiretl the Bis* 
marck and Fairview claims, suffering a great deal of hanUhip 
on account of meeting with a severe blizzard* On the tkraih 
of O* A. Fan%eU in 1 881, he was appointed agent of the CHff 
mine and remained as such until its sale to the Tamarack com- 
pany in 1892. Ill 1895 Mr. Bnxrkway bougiit a home at I^ke 
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Linden and retired from active life, after 50 years of activity 
in the Lake Superior region. His wife died on March 2nd, 
1899, and blind and helpless he followed her on May 9th, the 
same year. Thus for 56 years, Mr. Brockway had been almost 
a continuous resident of the northern peninsula and had done 
much towards its development in many ways. His hospitality 
was well known by almost all of the early men on the pen- 
insula. 

WILLIAM A. BURT. 

Bom in Worcester county, Mass., June 13th, 1792. 
Moved to New York in 1792. With but little education he 
mastered surveying, as then known. Moved to Erie county. 
New York in 1809. Served in the war of 181 2. In 181 3 mar- 
ried Phoebe Cole. Came west in 18 17 to St. Louis, and to 
Auburn, Michigan in 1822. In 1833 he was appointed United 
States deputy surveyor, and commenced work in lower pen- 
insula. In 183s he invented the solar compass. In 1844 he 
discovered iron ore in town 47-27 West in E. line. In this 
party were Jacob Houghton, Wm. Ives, H. Mellen, R. S. Mel- 
len, James King and two Indians named John Taylor and 
Michael Doner. Mr. Burt was a man of high inventive facul- 
ties and almost completed his equatorial sextant previous to his 
death on August i8th, 1858. His discovery of the iron bear- 
ing formation was really the beginning of the iron ore mining 
in the upper peninsula. 

WILLIAM EDMUND DICKINSON. 

Born in New York city. May 31st, 1824. Admitted to 
bar of state of Connecticut in 1844, and practiced law until 
1846. For the next three years, he sailed on a whaling vessel, 
returning in 1849, at which time he married Delia E. Welch, 
of Litchfield, Conn. Owing to his wife's ill health, he decided 
to locate in the northern peninsula of Michigan. He located 
at Ontonagon, and had charge of the Bohemian and other 
mines in that county, and in Houghton until 1865. During 
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this time his wife died. In 1865, he moved to Rockey Bar, 
near Boise City, Idaho, to develop a gold and silver claim for 
Jos. Hanna and others. In 1867, he returned to New York 
and married Elizabeth S. G. Sargent, of Boston, Mass. In 
1870, he returned to Lake Superior and took charge of the 
New York mine at Ishpeming, Michigan, for Samuel J. Tilden 
and others. In 1881, he moved to Commonwealth, Wis., and 
was superintendent of the Comomnwealth mine for Tuttle 
Bros., until 1889, at which time he moved to Bessemer, Mich., 
to take charge of the Colby mine for Charles Colby. In 1892-3 
he went to Daquire, Cuba, to develop the Spanish American 
mines near Santiago, for the Colbys, under Mr. S. P. Ely. He 
left this place on account of the unsettled conditions of the gov- 
ernment and returned to the United States in 1896, settling in 
Florence county. Wis. From that time until his death, June 
15th, 1899, he was general agent for the Aetna Powder Co. 
Mr. Dickins6n*s connection with the mining industry was long 
and varied, and he won the esteem and affection of all who 
were brought in contact with him, by his many sterling traits 
of character. 

JEFFERSON D. DAY. 

Bom in Chatauqua county, New York, March 15th, 1840, 
and died at South Lake Linden, Houghton county, Michigan, 
December 5th, 1895. He came to the copper country of Mich- 
igan in 1864, being employed as a surface foreman at the 
mines in the vicinity of Hancock for two years, followed by 
two years' service at the. Calumet & Hecla mine. In 1868 he 
went to Marquette county, and for eleven years held positions 
of trust and responsibility with the Lake Superior Iron com- 
pany, resigning the position of assistant superintendent in 1879 
to go with the Menominee Mining company as assistant super- 
intendent for Dr. Hulst Mr. Day became identified with the 
Metropolitan Iron & Land Co. in 1882, when the company was 
operating at Felch mountain, in what is now Dickinson county, 
Michigan, and remained with that company until his death. 
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In 1885 he was appointed superintendent, and when the com- 
pany transferred its operation to the Gog-ebic range he was 
appointed general superintendent of its extensive interests at 
Ironwood, which included the Norrie, East Norrie and Pabst 
mines. His connection with Ironwood dated from the begin- 
ning of the town and he was prominently identified with, the 
movements which resulted in the creation of the county of 
Gogebic out of territory detached from Ontonagon county and 
the incorporating of the village and finally city of Ironwood. 
Mr. Day was married to Miss Jennie Hague at Hancock, 
Mich., in 1868, whose father, Thomas Hague, was one of the 
early pioneers of that place. An interesting occurrence in his 
life was his driving with Capt. Nat Moore from Ashland, Wis., 
to the exploration, now the Colby mine, in the spring of 1884 
or 1885. On his recommendation Mr. Chas. L. Colby began 
the development of the mine. 

JOHN DUNCAN. 

Bom in Argyleshier, Scotland, in 1835, and came with his 
parents to Canada in 1842, at the age of 7. Learning the car- 
penter trade, he was employed on railway construction work 
in southern Michigan up to the age of 23, when on account of 
contracting malaria, he moved to the northern peninsula. He 
obtained employment first at the Quincy mine in 1859, ^s car- 
penter foreman, then as surface captain, and worked as such 
for nine years. He then went as surface captain and assistant 
superintendent to the Calumet & Hecla mine in 1868, in charge 
of all surface work and also of all lands owned by the com- 
pany, which position he held until his death, June 5th, 1904. 
Mr. Duncan was one of the best known men in the Lake Supe- 
rior region. His charity, patriotism and unselfishness won him 
the esteem of all who knew him, and made him one of the 
prominent figures in the upper peninsula for years. He was 
an active worker in fraternal societies and an ardent repubhcan 
in politics. His prominence as a mining man won him the 
presidency of the Mining Institute in 1895. 
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PETER WHITE* 

Bom at RoniCi N* \\r October 31st. 1829. His family 
nio\ed to Green Bay, Wis., in 1841, and he ran away from 
home in 1842 at the age of 13^ going to the Island of Mack- 
inaw, Hene he worked for two years for Edward Kanier, a 
storekeepeen and also on vessels coming into Mackinaw, On 
one occasion he fell, breaking his arm badly while unloading a 
boat at Bay City, Mich. In 1844 he was employed by Capt- 
Augiistus Canfield as timekeeper on the gt)vcrnment work can- 
striicting Waugoshance lighthouse- In 1840 he went, with 
Kufjert J* (jraveraet to the present site *A Man|neHe* anti feiletl 
the first tree when the first clearing was done. In 1850 he wa& 
in charge of the store for tlie Marquette In>ti Co., ami in the 
winter of 1850 and 51, he carrief! the mail to L'Ansc, making 
nine trips on snow shoes. In 1852 he was appointctl postmas- 
ter of Carp Riven it lieing the first pt^sioffice of Manpieiie, and 
which was afterwards changetl to Maniuctte, holding tlic office 
until 1864. In July, 1852, lie wnrte the firnt hill of lading for 
six barrels of iron ore* the first sinpment of ore made frmn the 
northern peninsula. During the year 1855 he was placed in 
charge of the management of the lands of the Marquette Iron 
Co,» and from that begimiing he became interested in the real 
estate business and remainetl more or less interested until his 
death. In 1856 he was elected to the state legislature, ami 
walked most of the way to Lansing to attend the session. He 
was appointed collector of custi>ms and also studied law. and 
was admitted to the bar in 1857, In 1857 Mr* Wliitc married 
Miss Ellai S. Hewitt of Marquette, He also nameil the town 
of Ishpeming. He had iK^en intercstetl in a private banking 
enieqirise which in 18^*2 he incorpt^>rated into the First Nation- 
al bank of Marquette, Samuel P, Ely, of Maniiiettc, being 
elected i)residcnt and he cashier. In 1872 he btnit at his ex- 
pense the public lihrar)' of Marquette and dedicated it to the 
tity. He was elected in 1875 to the state senate. He also 
secured the passage of the measure in WfS»gt&$ that gave to 
Marquette the I>eauiiftd public park at Prcsque Isle* In 1900 
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the University of. Michigan conferred the degree of LLD. 
upon him, and in 1902 the same institution made him one of 
its regents. In 1904 a new library building was erected in 
Marquette and named after him. He died June 7th, 1908. 
The history of the iron ore industry of the Lake Superior 
region is written in his biography, "The Honorable Peter 
White" and he stands as the foremost character developed in 
the northern peninsula of Michig^. 

PHILO MARSHALL EVERETT. 

Bom in Winchester, Conn., October 21st, 1807. When a 
young man he moved to New York state and lived for a num- 
ber of years in Ulster and Oneida counties. He was married 
in Utica, N. Y., and lived for a time afterward in Kingston. 
During the time he lived in New York he had a contract for 
making cement for the original Croton water works project, 
and later had a contract for the construction of a section of the 
Erie canal. In 1840 he moved to Michigan and with his wife 
and one child drove from the then end of the Michigan Central 
railroad at Ann Arbor to Jackson, Michigan, where he settled. 
He lived at Jackson, Michigan, until about 1845, conducting 
a mercantile and wheat commission business. As was the case 
with most of the early settlers in Michigan, he suffered a great 
deal with ague and chills and fever, which very seriously 
affected his general health and resulted in a long fit of sickness 
which affected his eyesight to such an extent that for about a 
yeaij he was totally blind. He finally recovered his eyesight, 
however, so that he could get about and do ordinary business, 
but for the balance of his life his eyesight was very poor. In 
1845 J^^ ^"d his brother-in-law, Charles Johnson, were both in 
poor health and their physician advised them to go to the upper 
peninsula. At this time the village of Copper Harbor was 
attracting much attention as a great mining town and wonder- 
ful stories were told of the richness of the country. They 
finally concluded to go to this place. While at Sault Ste. Marie 
looking for guides and boats to proceed up the lake, he met an 
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old squaw, a member of the Chippewa or Ojibway tribe, who 
told them of a rock or mineral, which was too hard for the 
Indians to use, but which she thought the white men, with 
their wider experience, might make use of. She described the 
place where to look for the rock, which was near the Carp 
river, which empties near the city of Marquette, and gave them 
the directions and distance from the mouth of the river they 
should go, to a place where they would find some pieces of 
copper buried under the leaves at the foot of a large pine tree, 
and near this pine tree they would find the hard rock. They 
finally got their guides and boats and coasted up the shore in a 
so-called mackinac boat. On reaching Marquette they found 
that the spot described by the old squaw was on the hunting 
ground of Marji Gezicks. who happened to be then at L'.Anse 
for the payment of the government bounty or assistance which 
was given to the Indians. After a few days he returned and 
they got his permission to go to the place. They had no trou- 
ble in finding the place and found it just as the old squaw had 
described it. Near the foot of this pine tree was a boulder of 
jasper and iron, and this was the discovery upon which was 
made the location of the Jackson Iron company. This old pine 
tree stood for many years until the company found it necessary 
to mine under and around it. w^hen it was cut down. Tlie 
stump remained there for many years, but within the last five 
or ten years has been destroyed by fire. After Mr. Everett 
found this he concluded that it was better than to go further 
to look for copper, so went back to tlie land office at Sault* 
Ste. Marie and made a mineral location of the land. TTie point 
where this discovery was made is about the center of section 
1-47-27. This entire section was located and finally a mineral 
lease was secured of this land, and later when the land was 
opened for entry this section i was purchase<l for the benefit of 
the Jackson Iron company. After this discovery Mr. Everett 
returned to Jackson and interested sufficient of the prominent 
business men then there to form a company of thirteen mem- 
bers. He returned to the upper peninsula the next year with 
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some men to open up the deposit and finally built a bloom forge 
on the Carp river just below Negaunee, which was operated a 
few years, and it was at this point that the first iron manufac- 
tured in the upper peninsula of Michigan was made. He 
returned in 1846 and 1847, ^"d again in 1848 and 1849, ^"^ 
finally moved to what is now the city of Marquette with his 
family in the fall of 1850. Test cargoes of this iron were sent 
to Sharon, Pennsylvania, and also to Pittsburgh, where it was 
found to be of a very valuable character. The original boulder 
of jasper and iron is now in the Smithsonian Institute in Wash- 
ington and was sent there by Mr. Everett. He was the first 
and only supervisor of Marquette county originally elected, 
and was also the first judge of probate. He and his wife were 
members of St. Paul's Episcopal church of Jackson, and when 
they settled here were very anxious to start a church, but as 
they and one other were the only communicants, it was not 
until 1855 that they could get a church started. They worked 
hard and constantly, and in 1856 the first Episcopal church 
building was put up and was called St. Paul's. From the 
institution of the church for many years he was senior warden, 
and from the time when he was unable to actively fulfill the 
duties of this ofiice until the time of his death was senior 
warden emeritus of the church. He died September 15, 1892, 
at Marquette, Michigan, at about the age of eighty-five years. 
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